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RESUMO

INTRODUCAO: O HTLV-1 ¢ o agente etiolégico de doencas humanas, tais como
leucemia/linfoma de célula T do adulto (ATLL), paraparesia espastica tropical/mielopatia
associada ao HTLV (HAM/TSP), dermatite infectiva associada ao HTLV-1 (DIH), entre
outras. Estima-se que cerca de 5-10 milhdes de pessoas estejam infectadas pelo HTLV-1
no mundo e apesar dessa infec¢do ser endémica em diferentes regides geograficas, ainda
permanece sem métodos terapéuticos eficazes. O genoma desse retrovirus € composto por
duas fitas simples de RNA, com os genes gag, pol, env € uma regido proxima a
extremidade 3' conhecida como pX. A regido pX contém quatro quadros abertos de leitura
(ORFs) que codificam proteinas regulatorias especificas. A ORF-I codifica as proteinas
pl12 e p8, que quando expressas em quantidades equivalentes favorecem a infectividade
e persisténcia viral. Mutagdes génicas especificas na ORF-I do HTLV-1 podem alterar o
padrdo de expressdo e, consequentemente, a concentragdo relativa destas proteinas,
implicando na alteragdo da persisténcia viral e no desfecho da infec¢do. OBJETIVO:
Caracterizar a ORF-I do HTLV-1 de pacientes com diferentes perfis clinicos.
MATERIAL E METODOS: Inicialmente foi realizada a anotagiio completa do principal
genoma do HTLV-1 (ATK1), utilizado como sequéncia referéncia para a caracterizagdo
molecular da ORF-I. Em seguida, 1530 sequéncias da ORF-I provenientes de individuos
assintomaticos e com HAM/TSP foram submetidas a analise de dataming para busca de
associagdes entre mutagdes, carga proviral e sintomatologia. Para avaliar o grau de
conservacao genética da ORF-I em outros perfis clinicos, amostras de 23 pacientes
assintomaticos, 11 pacientes com DIH, 13 com ATLL e 16 com HAM/TSP foram
coletadas e submetidas a amplificag@o e sequenciamento. As sequéncias foram analisadas
in silico utilizando programas de bioinformatica para caracterizagdo molecular.
RESULTADOS: No primeiro trabalho foram compiladas as informagdes sobre a posi¢ao
nucleotidica inicial e final dos genes do HTLV-1 e seus respectivos produtos. Em seguida,
as andlises das ORF-I demonstraram que apesar da baixa diversidade genética dessa
regido, alteragdes nucleotidicas especificas quando combinadas com alta carga proviral
podem estar associadas ao desenvolvimento de HAM/TSP. Os dados da anélise da ORF-
I proveniente de pacientes com diferentes perfis clinicos demonstraram a baixa
diversidade genética desta regido, corroborando com o fato de que o genoma do HTLV-
1 ¢ geneticamente estavel e, portanto, o desenvolvimento de uma vacina terapéutica ¢
viavel. CONCLUSAO: Esse trabalho possibilitou a disponibilizagio no GenBank de
sequéncias da ORF-I do HTLV-1 provenientes de pacientes com DIH, ATLL, HAM/TSP
e pacientes assintomaticos. A partir desses dados foi possivel identificar a ORF-I do
HTLV-1 como um possivel alvo para uma vacina terapéutica baseada na capacidade de
influenciar a expressao de p12 e pS.

Palavras-chave: HTLV-1; ORF-I; Mutagao.
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ABSTRACT

INTRODUTION: The HTLV-1 is the etiological agent of some human diseases, such as
adult T-cell leukaemia/lymphoma (ATLL), HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP), infective dermatitis associated to HTLV-1 (IDH),
among others. It is estimated that approximately 5-10 million people are infected with
HTLV-1 in the world and although this infection is endemic in different geographic
regions, it still remains without effective therapeutic methods. The genome of this
retrovirus is composed of two single strands of RNA, with the genes gag, pol, env and a
region near the 3' end, known as pX. The pX region contains four open reading frames
(ORFs) that encode specific regulatory proteins. The ORF-I encodes the pl2 and p8
proteins, which when expressed in equivalent concentrations favor infectivity and viral
persistence. Specific mutations in HTLV-1 ORF-I may alter the expression and,
consequently, the relative concentration of these proteins, implying in viral persistence
alteration and outcome of infection. OBJECTIVE: Characterize the HTLV-1 ORF-I
from patients with different clinical profiles. MATERIAL AND METHODS: First, the
complete annotation of the main genome of HTLV-1 (ATKI), used as a reference
sequence for the molecular characterization of ORF-I, was initially performed. Then,
1530 ORF-I sequences from asymptomatic and HAM/TSP individuals were submitted to
dataming analysis to search associations. To assess the ORF-I genetic conservation status
in other clinical profiles, samples from 23 asymptomatic patients, 11 patients with IDH,
13 with ATLL and 16 with HAM/TSP were collected and submitted to amplification and
sequencing. These sequences were analyzed in silico using bioinformatics programs for
molecular characterization. between mutations, proviral load and symptomatology.
RESULTS: In the first work, the information about the initial and final nucleotide
position of the HTLV-1 genes and their respective products was compiled. Then, the
ORF-I analyses demonstrated that despite the low genetic diversity of this region, specific
nucleotide changes when combined with high proviral load may be associated with the
development of HAM/TSP. The data of ORF-I analyses from patients with different
clinical profiles demonstrated the low genetic diversity of this region, corroborating the
fact that the HTLV-1 genome is genetically stable and the development of a therapeutic
vaccine is viable. CONCLUSION: Through this work was possible provide to GenBank
HTLV-1 ORF-I sequences from patients with IDH, ATLL, HAM/TSP and asymptomatic
patients. From these data, it was possible to identify HTLV-1 ORF-I as a possible target
for a therapeutic vaccine based on the ability to influence p12 and p8 expression.

Key-words: HTLV-1, ORF-I; Mutation.



LISTA DE ILUSTRACOES

Figura 1. Distribui¢do do HTLV-1 no mundo. Adaptado de PROIETTI, 2006. ............ 16

Figura 2. Mapa da soroprevaléncia para o HTLV em doadores de sangue no Brasil.
Adaptado de CATALAN-SOARES et al., 2005. .....cccoooviriiviniiniiienieneenne, 17

Figura 3. Estrutura morfolégica do HTLV-1. Desenho esquematico adaptado de
www.researchgate.net/publication/2645437220papeldosvirusnaarvoredavida.

........................................................................................................................ 18
Figura 4. Estrutura gendmica do HTLV-1 e processamentos de RNA. Desenho
esquematico adaptado de PROIETTI, 2006; HOSHINO, 2012..................... 19
Figura 5. Representag@o esquematica da regido pX do genoma do HTLV-1. Adaptado de
JOHNSON et al., 2001, ...ccocoiiiiiiiiieeeceeseeee e 21
Figura 6. Fungdes das proteinas pl2 e p8, codificadas a partir da ORF-I do HTLV-1.
Desenho esquematico adaptado de EDWARDS et al., 2011. .....ccccevuvennenee. 23
Figura 7. Ciclo de replicagdo classica dos retrovirus PROIETTI, 2006............c...c........ 25
Figura 8. Sinapse Viral. Adaptado de MATSUOKA e JEANG, 2007.......cccceeervenuennne. 26
Figura 9. Disseminag¢do viral através da formagdo de biofilmes. DC: Células Dendriticas.
Adaptado de NEJMEDDINE e BANGHAM, 2010. ...c..cocceverieninnienieenne. 26
Figura 10. Formagao de Conduites. Adaptado de VAN PROOYEN et al., 2010. ......... 27

Figura 11. Taxa de lise especifica de células T CD4+ infectadas com diferentes cepas do
HTLV-1 PISE-MASISON et al., 2014.......oooiiiiieiieeieeeeeeeee e 33

Figura 12. Analise de carga proviral em PBMC de pacientes infectados pelo HTLV-1,
com mutagdes na ORF-1 Simbolos abertos = HC; simbolos fechados =
HAM/TSP. PISE-MASISON et al., 2014, ...cccooiiiiriiniieeieneeeeeeseeeeen 33



APC
ATLL
BRC
CA
CD4+
CD8+
CTL

DC

DIH
DNA
Env

gag
GLUT-1
HAM/TSP
HBZ
HIV
HLA
HSPG
HTLV
HTLV-1
HTLV-2
HTLV-3
HTLV-4
IFN-y

IL

IN

kb
LFA-1
LTR

Lz

MA
MHC-I

LISTA DE ABREVIATURAS E SIGLAS

Células apresentadoras de antigenos
Leucemia/linfoma de células T do adulto
Receptores de células B

Capsideo

Linfécitos T CD4+

Linfécitos T CD8+

Linfécito T citotoxico

C¢lula dendritica

Dermatite infectiva associada ao HTLV-1
Acido desoxirribonucleico

Envelope

Grupo antigénico

Molécula transportadora de glicose tipo 1
Paraparesia Espastica Tropical/ Mielopatia Associada ao HTLV
HTLV-1 bZIP factor gene

Virus da Imunodeficiéncia Humana

Antigeno leucocitdrio humano

Heparan Sulfato-Proteoglicano

Virus linfotropico de células T humanas

Virus linfotropico de células T humanas tipo 1
Virus linfotropico de células T humanas tipo 2
Virus linfotrépico de células T humanas tipo 3
Virus linfotropico de células T humanas tipo 4
Interferon-y

Interleucinas

Integrase

Kilobases

Antigeno-1 associado a funcao leucocitéria
Repeti¢des terminais longas (long terminal repeat)
Leucine ziper

Matriz viral

Complexo de Histocompatibilidade principal classe 1



MHC-1I Complexo de Histocompatibilidade principal classe 2

NC Nucleocapsideo

NCI-NIH National Institutes of Health

NFAT Fator nuclear de ativagao de células T
NK Células Natural Killer

NRP-1 Neurofilina 1

OMS Organizacdo Mundial de Saude

ORF Fase de leitura aberta (open reading frame)
pb Pares de bases

PCR Reagdo em cadeia da polimerase

pol Polimerase

PTLV Virus linfotropico de células T de primatas
RNA Acido ribonucleico

RNAm Acido ribonucleico mensageiro

RT Transcriptase reversa

SH3 Proline-rich Src homology

STLV Virus linfotropico de células T em Simios
SU Proteina de superficie

TCR Receptores de células T

Thl Resposta T helper do tipo 1

Th2 Resposta T helper do tipo 2

™ Proteina transmembrana

TNF Fator de necrose tumoral

TRE Elementos Responsivos de Tax

WB Western Blot



SUMARIO

1 INTRODUGAO ...ttt e et eeeeeeeeeeeseeeeeeeeeens 12
2 OBIETIVOS ..o oo e e et s e 14
2.1 GERAL oo 14
2.2 BSPECIFICOS ..o s e e s s s e e e s es e e eseseseseaeas 14
3 REFERENCIAL TEORICO .......ooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 15
3.1  VIRUS LINFOTROPICO DE CELULAS T HUMANAS (HTLV) ......cccoo...... 15
3.2 DISTRIBUICAO DO HTLV-1...ouiiieoeeoeeeeeeeeeeeeeeeeeeeeeeeee e, 15
3.3 ESTRUTURA DO HTLV=1 oo 17
3.4  ORGANIZACAO GENOMICA DO HTLV-1 ..o, 18
3.4.1 REZIA0 PrOMOTOTA. ...cuvieiieeieeiiesiieeiteenieeeteesteeeteeteeesteesseessseeseessseenseessseensaesnseans 19
3.4.2  GENES CSIIULUTALS coevvneeeeeeeee e e ee e e e e e e e e eeeeeeaeeaeeee e aeeseaaaeeeeaaaaseesaaaeessnaaseesnnns 20
3.4.3 GENes re€ZUIALOTION ...c.eeeuieiieiiieriie ettt et ette ettt eete et e e ebeeaeessbeeseeseseeseesnsaens 21
3.5  CICLO DE DISSEMINACAO DO HTLV-1 ...ovieeeireeeeeeeeeeeeeeeeeee e, 24
3.6 MANIFESTACOES CLINICAS E FISIOPATOLOGIA........ooveeeeeeereeeene. 27
3.7  RESPOSTA IMUNE NA INFECCAO PELO HTLV-1....oovveoreerieeeeeeeeeeen. 30
3.8 VACINAS ANTISHTLV =1 oo s 34
4 RESULTADOS c.ceveveveveeeeeneeesssssessssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssas 36
41 A FULLY ANNOTATED GENOME SEQUENCE OF HUMAN T-CELL

LYMPHOTROPIC VIRUS TYPE 1 (HTLV-1). ..o, 37
42 ANALYSES OF HTLV-1 SEQUENCES SUGGEST INTERACTION

BETWEEN ORF-I MUTATIONS AND HAM/TSP OUTCOME...................... 40
43  ASSESSMENT OF GENETIC DIVERSITY OF HTLV-1 ORF-I SEQUENCES

COLLECTED FROM PATIENTS WITH DIFFERENT CLINICAL PROFILES

............................................................................................................................. 46
5 DISCUSSAQ. ... e et e ee et e et e e e e s e e es e e s es e e es e e s e eseseeens 62
6 CONCLUSAO ...t e et e oo e et e s e e et e e s e e s es e e s e enann 65

REFERENCIAS ... 66

APENDICE ..o, 74



12

1 INTRODUCAO

O HTLV-1 ¢ um retrovirus oncogénico, responsavel pelo desenvolvimento da
Leucemia/Linfoma de Células T do Adulto (ATLL) e também pelo desenvolvimento de
condi¢des inflamatdrias, como a Paraparesia Espastica Tropical/Mielopatia associada ao
HTLV-1 (HAM/TSP), dermatite infectiva associada ao HTLV-1 (DIH), uveite, sindrome
de Sjogren, broncoalveolite, artrite, entre outros. Sabe-se que a maioria dos pacientes
infectados pelo HTLV-1 ndo desenvolvem manifestagdes clinicas, mas, dentre os
pacientes sintomaticos, a ATLL, HAM/TSP e DIH sao detectadas com maior prevaléncia
(GESSAIN, A et al., 1985; OSAME et al., 1986; MORGAN et al., 1989; NISHIOKA et
al., 1989; EGUCHI et al., 1992; MOCHIZUIKI et al., 1992).

Diversos trabalhos vém sendo realizados a fim de se desenvolver terapias
especificas contra a infeccao pelo HTLV-1, uma vez que os pacientes assintomaticos
permanecem sem tratamento e os pacientes que apresentam manifestagdes clinicas sdo
tratados de maneira paliativa. O fato de ndo haver uma terapia especifica e eficaz contra
a infeccdo pelo HTLV-1 compromete a erradicacdo deste virus. Além disso, a auséncia
de um método de controle para a carga proviral impacta diretamente no aumento do risco
de transmissao viral e no desenvolvimento de doengas associadas, como a HAM/TSP.

Estudos demonstram que a persisténcia da infec¢ao pelo HTLV-1 estd relacionada
a expressao balanceada das proteinas p12 e p8, codificadas a partir da ORF-I da regido
génica pX. Esses dados sugerem que mutagdes na ORF-I alteram a expressdo dessas
proteinas e que concentracdes equivalentes de ambas sdo necessarias para impedir o
reconhecimento e lise das células infectadas pelas células T citotoxicas (CTL). Estudos
demonstram ainda que a p12 diminui a expressdo do complexo de histocompatibilidade
tipo I (MHC-I) provocando a inibi¢do da apresentagdo dos peptideos virais para as CTLs,
além de diminuir também a expressdo de [CAM-1 e ICAM-2 nas células T, inibindo assim
a adesdo e o reconhecimento das células T infetadas pelas células Natural Killer (NK).
Da mesma forma, a p8 também influencia o curso da infec¢do, ja que esta associada com
a disseminacdo viral através da formagdo de conduites (JOHNSON et al., 2001;
BANERIJEE et al., 2007; PISE-MASISON et al., 2014).

Considerando a influéncia da expressdo balanceada da ORF-I do HTLV-1 para a
infectividade e persisténcia viral, este estudo se propde a avaliar se essa regido poderia

ser utilizada como alvo para o desenvolvimento de uma vacina terapéutica capaz de
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alterar o equilibrio da expressdo de p12 e p8 (PISE-MASISON et al., 2014). A hipdtese
central da presente tese ¢ que a ORF-I do HTLV-1 ¢ conservada entre os diferentes perfis
clinicos e, portanto, uma vacina de DNA capazes de competir pelos sitios de clivagem da
pl2 poderia impedir a formacdo de p8 e favorecer o reconhecimento das células
infectadas pelas CTLs. A partir dos resultados obtidos estudos futuros poderdo ser
conduzidos com o objetivo de desenvolver essa vacina.

Adicionalmente, os dados obtidos poderdo ser utilizados pela comunidade
cientifica para analises in silico do genoma do HTLV-1, visto que esta tese disponibiliza
a anotacdo completa do clone molecular do HTLV-1 (ATKI1), além de sequéncias da

ORF-I provenientes de pacientes com DIH, ATLL, HAM/TSP e assintomaticos.
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2 OBJETIVOS

2.1 Geral

Caracterizar a ORF-I do HTLV-1 proveniente de paciente com diferentes perfis

clinicos.

2.2 Especificos

e Realizar a anotagdo completa do principal clone molecular do HTLV-1;

e Investigar possiveis correlagdes entre mutagdes na ORF-1 do HTL V-1, carga proviral
¢ desenvolvimento de HAM/TSP;

e Avaliar a diversidade genética da ORF-I do HTLV-1 proveniente de pacientes com

ATLL, DIH, HAM/TSP ¢ assintomaticos.
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3 REFERENCIAL TEORICO

3.1 VIRUS LINFOTROPICO DE CELULAS T HUMANAS (HTLV)

O virus linfotrépico de células T humanas (HTLV) foi o primeiro retrovirus
humano identificado, a partir de um paciente com linfoma cutaneo de células T, nos
Estados Unidos da América em 1979 (POIESZ et al., 1980). Na mesma época,
pesquisadores japoneses isolaram e caracterizaram o mesmo virus, que passou a ser
classificado como virus linfotropico de células T humanas do tipo 1 (HTLV-1)
(HINUMA et al., 1981). Posteriormente, em 1982, foi identificado o virus linfotropico de
células T humanas do tipo 2 (HTLV-2), numa linhagem imortalizada de células T obtidas
de um paciente com tricoleucemia (KALYANARAMAN et al., 1982). Em 2005, foram
identificados o virus linfotrépico de células T humanas do tipo 3 (HTLV-3) e virus
linfotrépico de células T humanas do tipo 4 (HTLV-4), em populagdes do sul de
Camardes (WOLFE et al., 2005).

O HTLYV pertence a familia Retroviridae, a subfamilia Orthoretrovirinae e ao
género Deltaretrovirus. Estudos sugerem que esse retrovirus pode ter emergido na Africa,
a partir do contato entre humanos e primatas ndo-humanos infectados com o virus
linfotrépico de células T de simios (STLV). A Africa é o unico continente onde todos os
virus linfotropicos de células T de primatas (PTLV) foram isolados, e acredita-se que o
HTLYV foi levado ao novo mundo (Caribe, Estados Unidos e América do Sul) pelos negros
africanos durante o periodo de trafico de escravos no século XVI (COURGNAUD et al.,
2004; SANTOS e LIMA, 2005; VERDONCK et al., 2007).

3.2 DISTRIBUICAO DO HTLV-1

Dados epidemiolédgicos sugerem que a infec¢do pelo HTLV-1 tem distribuigdo
mundial, no entanto, algumas regides sao consideradas areas endémicas, como o sudoeste

do Japao (YAMAGUCHI, 1994; MUELLER et al., 1996), alguns paises no Caribe
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(HANCHARD et al., 1990), Africa sub-Saariana (GESSAIN, A. e DE THE, 1996) e areas
localizadas no Ird e Melanésia (MUELLER, 1991) (Figura 1). O Japdo e a Africa
exemplificam a ndo homogeneidade da distribui¢do, e sdo considerados os continentes
com maior numero de individuos infectados pelo HTLV-1, seguido da América do Sul

(GESSAIN, ANTOINE e CASSAR, 2012).

Areas endémicas
para o HTLV-1

. <1%
Bias

X >5%

Figura 1. Distribuicdo do HTLV-1 no mundo. Adaptado de PROIETTI, 2006.

Estima-se que aproximadamente 5-10 milhdes de pessoas estejam infectadas pelo
HTLV-1 no mundo (GESSAIN, ANTOINE e CASSAR, 2012). No Brasil, a infec¢do pelo
HTLYV atinge, aproximadamente, 2,5 milhdes de pessoas (CARNEIRO-PROIETT] et al.,
2002; CATALAN-SOARES et al, 2004) e apesar da escassez dos dados
epidemiologicos, também pode-se observar o fendomeno de distribuicdo heterogénea da
infeccdo, sendo as maiores prevaléncias observadas em doadores de sangue nos estados
do Maranhao, Bahia, Para e Pernambuco (CATALAN-SOARES et al., 2005) (Figura 2).
Considerando a populagdo total, Salvador apresenta uma prevaléncia de 1,78% de

individuos infectados pelo HTLV-1 (DOURADO et al., 2003).
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Figura 2. Mapa da soroprevaléncia para o HTLV em doadores de sangue no Brasil. Adaptado de
CATALAN-SOARES et al., 2005.

3.3 ESTRUTURA DO HTLV-1

O HTLV-1 possui uma estrutura morfoldgica similar a de outros retrovirus. E
constituida, basicamente, por um envelope, uma matriz protéica e um nucleocapsideo. O
envelope representa a superficie do virion e ¢ composto por duas subunidades protéicas
glicosiladas: a proteina de superficie (SU), denominada gp46, e a proteina transmembrana
(TM), denominada gp21, que ancora a gp46. Logo apos o envelope, encontra-se a matriz
viral (MA), seguida do capsideo (CA), que apresenta simetria icosaédrica e ¢ composto
principalmente por proteinas codificadas a partir do gene gag. No interior do capsideo
encontra-se 0 genoma viral, composto por duas fitas simples de RNA senso positivo,
associadas as proteinas do nucleocapsideo (NC), além de outras proteinas, como a

transcriptase reversa (RT) e a integrase (IN) (Figura 3).



18

Glicoproteil

Nucleocapsidio
Envelope

3 i'/) .
',“/ A e,

\ \ ol
‘\ > ’-gi Matriz
.E»K Enzima

transcriptase
reversa

Genoma (RNA)

Figura 3. Estrutura morfologica do HTLV-1. Desenho esquematico adaptado de
www.researchgate.net/publication/2645437220papeldosvirusnaarvoredavida.

3.4 ORGANIZACAO GENOMICA DO HTLV-1

O genoma viral localiza-se no interior do capsideo e possui 9032 pb (SEIKI et al.,
1983). E composto por duas fitas simples de RNA, que codificam os genes gag (grupo
antigénico), pro (protease), pol (polimerase) e env (envelope), além de uma sequéncia
proxima a extremidade 3°, conhecida como regido pX. Similar a outros retrovirus, o RNA
mensageiro (RNAm) transcrito a partir do gene gag codifica a proteina p55 que,
posteriormente, ¢ clivada em p19, p24 e p15. Ja o gene pol ¢ responsavel por codificar a
transcriptase reversa e integrase, enquanto a protease € expressa a partir do gene pro. Da
mesma forma, o RNAm transcrito a partir do gene env codifica a proteina p63, que apos
a clivagem origina as proteinas do envelope gp46 e gp21l. Em cada extremidade do
genoma existem sequéncias de repeti¢des terminais longas (LTR — long terminal repeat),
que sdo essenciais na integragdo do DNA proviral ao DNA do hospedeiro e também para

a regulagdo transcricional do genoma do virus (Figura 4) (GREEN e CHEN, 2001).
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Figura 4. Estrutura genémica do HTLV-1 e processamentos de RNA. Desenho esquematico adaptado de
PROIETTI, 2006; HOSHINO, 2012.

34.1 Regido promotora

A regido LTR do HTLV-1 contém elementos virais promotores e regulatorios e
exerce um papel fundamental na integragdo do genoma viral no genoma da célula
hospedeira (GREEN e CHEN, 2001). Essa regido divide-se em trés subunidades: U3, R
e US. A regido U3 possui elementos necessarios para o controle da transcrigao viral, como
sitios de poliadenila¢do, motivo TATA box, e trés repeticdes de 21 pares de base (pb)
conhecidas como Elementos Responsivos de Tax (TRE) (BRADY et al., 1987). Vale
ressaltar que a proteina Tax ndo se liga especificamente a regido TRE, mas interage com
fatores de transcricdo, como CREB/ATF, que reconhecem o motivo CRE, localizado
nessa regido. A formacdo desse complexo possibilita o recrutamento de fatores co-
ativadores p300/CBP, facilitando a estabilidade da ligacdo e consequentemente,
estimulado a transcri¢do viral (BARBEAU e MESNARD, 2011).

Tem sido demonstrado que a transcri¢do viral é controlada pela a¢do de proteinas
especificas, denominadas fatores de transcricdo, como CREB/ATF, NF-Kb, e SRF, que
se ligam especificamente a motivos presentes na regido promotora. Da mesma forma,
processos epigenéticos, como a metilacdo da regido LTR também influenciam a
expressao génica. Trabalhos sugerem que a regido LTR 5’ € hipermetilada em relagdo a
LTR 3°, tanto para o HTLV-1 quanto para o HTLV-2. Devido a isso, a expressao génica
regulada pela LTR 3’ mantém-se constante, ao contrario da expressao associada a LTR

5’. Logo, as proteinas HBZ (HTLV-1) e APH-2 (HTLV-2), que sdo controladas pela
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regido LTR 3’, possuem expressdo continua (GAUDRAY et al., 2002; HALIN et al.,
2009).

A transcricdo a partir da regido LTR 5° gera uma molécula de RNA completa (9
kb), utilizada para a sintese dos produtos dos genes gag, pro, ¢ pol. Um RNA
subgendmico (4 kb) ¢ sintetizado a partir de uma etapa Unica de processamento da
molécula de RNA completa, e codifica as glicoproteinas do envelope viral (env). Da
mesma forma, outra molécula de RNA (2 kb) ¢ gerada apds a remocgao de dois introns, e

codifica as proteinas regulatdrias da regido pX (RENDE et al., 2012).

34.2 Genes estruturais

O gene gag corresponde aos nucleotideos 824 a 2113 no genoma do HTLV-1, e
essa regido ¢ inicialmente traduzida como um precursor (p55), que apds a clivagem
origina as proteinas da matriz (pl19), proteinas do capsideo (p24), e a proteina do
nucleocapsideo (p15). A extremidade 3’ do gene gag sobrepde-se ao inicio do gene pro,
que compreende a posicao 1960 a 2778 no genoma do HTLV-1. O gene pro codifica a
enzima protease (pl4), que atua no processo de clivagem das cadeias polipeptidicas
originando proteinas maduras (JOHNSON et al., 2001).

O gene pol, por sua vez, ainda ndo possui localizagdo inicial descrita na literatura,
mas sabe-se que € o gene responsavel por codificar a transcriptase reversa (TR), que atua
na sintese do DNA viral e a integrase (IN), fundamental no processo de integracdo do
DNA viral ao genoma da célula hospedeira (PROIETTI, 2006).

O gene env corresponde a sequéncia de nucleotideos localizada na posi¢ao 5203
a 6669 no genoma do HTLV-1, e assim como o gene gag, codifica inicialmente um
precursor. Esse precursor (gp63) ¢ clivado entre a posicdo 6138-6139 para gerar uma
glicoproteina transmembrana (gp21) e uma glicoproteina de superficie (gp46). Assim
como em outros retrovirus, a glicoproteina transmembrana ancora, através de associagdes
ndo covalentes, a glicoproteina de superficie na bicamada lipidica do envelope. Dessa
forma, a gp21 e gp46 ficam expostas ao sistema imune e, consequentemente, estao

associadas a resposta humoral e celular (DELAMARRE et al., 1996; MANEL, 2005).
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343 Genes regulatorios

A regido pX do genoma do HTLV-1 ¢ responsavel por codificar proteinas
regulatorias e acessorias importantes durante os mecanismos de replicagdo viral. A
transcri¢do dessa regido resulta em formas alternativas de RNA mensageiro, que possuem

quatro fases de leitura aberta (ORFs), conforme figura 5.

p30T pl13L

ORF 11

LTR|| GAG POL ENV ORF 1V ||[LTR

p 40T

ORF I||ORF III

/\

pl2l  p27Res p21Res

Figura 5. Representagdo esquematica da regido pX do genoma do HTLV-1. Adaptado de JOHNSON et al.,
2001.

A ORF-I codifica a proteina p12, que reside no reticulo endoplasmatico e ¢ capaz
de aumentar a concentracdo de cdlcio intracelular via receptores de trifosfato de inositol
(ALBRECHT et al., 2002; DING et al., 2002).

O aumento da concentragdo de célcio pode influenciar diversos mecanismos
celulares, como a regulagdo da transcri¢ao viral através da modulag¢ao do cofator p300 e
a estimulacdo da propagacao viral através do contato célula-célula, por meio da indugao
do agrupamento do antigeno-1 associado a fungdo leucocitaria (LFA-1) (KIM et al., 2006;
NAIR et al., 2006). Além disso, o acaimulo do célcio no citoplasma ativa a calmodulina
e calcineurina, que através de desfosforilacdo ativa o fator nuclear de ativagao de células
T (NFAT). O NFAT ¢ entdo transportado para o nucleo e promove a ativacao,
diferenciagdo e proliferacdo dos linfécitos T (FUKUMOTO et al., 2007). De maneira
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oposta, a p12 também ¢ capaz de inibir a proliferagdo de linfocitos T, j& que possui um
dominio para a calcineurina e pode, portanto, competir com o NFAT pelo sitio de ligagao
(KIM et al., 2003; FUKUMOTO et al., 2007).

Sabe-se também que a pl2 diminui a expressdo de moléculas do complexo de
histocompatibilidade tipo I (MHC I), j4 que ¢ capaz de se ligar ao MHC-I recém-
sintetizado, impedindo a sua maturagdo (JOHNSON et al., 2001). As moléculas de MHC-
I ndo maturadas sdo degradadas pelo proteassoma e as células que apresentam uma
redugdo da expressdo de MHC-I sdo naturalmente identificadas e lisadas pelas células
Natural Killer (NK). Entretanto, a p12 também altera a expressdo de moléculas de adesao
ICAM-1 e ICAM-2, dificultando a interagdo entre as células e o reconhecimento da célula
infectada (BANERJEE et al., 2007).

Estudos demonstram que a p12 interage com a ATPase presente na membrana dos
lisossomos e responsavel pelo transporte de ions H'. A internalizagdo adequada desses
protons ¢ fundamental para a correta acidificagdo do meio e, consequentemente,
funcionamento das hidrolases acidas (KORALNIK et al., 1995; JONES, K. S. et al.,
2008).

A pl2 estd susceptivel a duas clivagens protéicas. A primeira ocorre entre 0s
aminoacidos 9 e 10 e resulta na perda do sinal de retencao para o reticulo endoplasmatico.
A segunda clivagem ocorre entre os aminoacidos 29 e 30 e da origem a proteina p8. Apos
a clivagem, a p8 se desloca para a superficie da célula infectada e atua na disseminagdo

viral através da formagdo de conduites (VAN PROOYEN et al., 2010) (Figura 6).
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Figura 6. Fungdes das proteinas p12 e p8, codificadas a partir da ORF-I do HTLV-1. Desenho esquematico
adaptado de EDWARDS et al., 2011.

As proteinas acessorias p13 e p30, codificadas a partir da ORF II contribuem para
a manutencdo da carga proviral, ativacdo das células do hospedeiro e regulagdo da
transcri¢do génica (BINDHU et al., 2004).

Ja a ORF III codifica uma importante proteina regulatoria, denominada Rex (p27).
Essa proteina ¢ considerada essencial para a regulagdo da expressdo génica viral por meio
de eventos pos-traducionais. Rex ¢ indispensavel para a eficiente multiplicacdo, infec¢ao
e disseminacgdo viral, além de regular a inducdo das diferentes fases do ciclo celular do
HTLV-1 (YOUNIS e GREEN, 2005).

A OREF 1V, por sua vez, codifica a proteina regulatoria viral Tax (p40), essencial
para a replicagdo viral e para a transformacao celular (PROIETTI, 2006). Tax pode ser
encontrada tanto no nucleo como no citoplasma da célula e, além de regular a transcrigao
viral, pode aumentar a expressao de citocinas e receptores envolvidos no crescimento e
proliferacdo celular (SMITH e GREENE, 1992; TSCHACHLER et al., 1993). Além
disso, Tax é capaz de reprimir a acdo de genes celulares envolvidos na inibi¢do do

crescimento celular, bem como inibir o reparo do DNA e os eventos de apoptose
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(FRANCHINI, 1995). Essa proteina atua como agente principal no desenvolvimento de
diversas patologias associadas ao HTLV-1.

Recentemente, foi identificado na regido pX o gene HTLV-1 bZIP factor gene
(HBZ), codificado sob o controle da regido LTR 3° (MATSOUKA e GREEN, 2009).
Estudos sugerem que o HBZ pode atuar tanto como molécula de RNA, quanto em sua
forma protéica, e tem como principal fun¢do a regulagdo da transcri¢ao viral, e o aumento
da proliferacao das células T (MESNARD et al., 2006). Além disso, a proteina HBZ inibe
a transativacao da transcri¢do viral mediada por Tax, por se heterodimerizar com fatores

de transcri¢do da familia CREB (MATSOUKA, 2005).

3.5 CICLO DE DISSEMINACAO DO HTLV-1

A replicagdo classica dos retrovirus ocorre, basicamente, em nove etapas:
adsor¢do do virus; fusdo da membrana da célula hospedeira com o envelope viral;
internalizacdo da particula viral; transcri¢do reversa do genoma viral; inser¢do do DNA
linear no genoma da célula hospedeira; sintese de RNA viral; tradugdo das proteinas
virais; montagem do capsideo e brotamento (Figura 7).

A primeira etapa do ciclo cldssico de replicacdo consiste na ligacdo da
glicoproteina de superficie gp46 a moléculas na superficie celular, incluindo
proteoglicanos heparan-sulfato, neuropilina-1 e um transportador de glicose de classe 1
(GLUT-1). Essa interagdo expde a glicoproteina transmembrana gp21 e isso possibilita a
fusdo das membranas viral e celular. Apos a internalizag@o da particula viral, o RNA ¢
transcrito em DNA pela acdo da transcriptase reversa e se insere no genoma da célula
hospedeira, passando a ser denominado DNA proviral (PINON et al., 2003; MANEL,
2005; GHEZ et al., 2006; JONES, KATHRYN S. et al., 2011).
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Figura 7. Ciclo de replicagao classica dos retrovirus PROIETTI, 2006.

Ao contrario de outros retrovirus, a replicagdo do HTLV-1 ndo ocorre somente
via mecanismo classico. Diversas formas de disseminagdo ja foram associadas a esse
retrovirus, onde se observa a presenga de particulas virais induzindo o contato entre uma
célula infectada e uma célula ndo infectada.

Uma vez que a infecg@o ocorre principalmente pelo contato célula-célula, as novas
particulas virais sdo capazes de induzir eventos de polarizagdo das células, para facilitar
a passagem de proteinas e do genoma viral, num fendmeno conhecido como sinapse
virologica (BANGHAM, 2003). Esse processo ocorre quando uma célula infectada entra
em contato com outra célula ndo infectada, induzindo a formag¢do de um canal protéico
na junc¢do célula-célula (Figura 8). A formagdo desta estrutura permite o acimulo de
proteinas codificadas a partir do gene gag e de material gendmico na interface da sinapse,
culminando com a passagem desse material para a célula ndo infectada (MATSUOKA e

JEANG, 2007).
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Figura 8. Sinapse Viral. Adaptado de MATSUOKA e JEANG, 2007.

Além da disseminacdo viral através do modelo classico e da sinapse virologica,
recentemente o HTLV-1 foi detectado em estruturas ricas em carboidratos, semelhantes

a biofilmes, presentes na superficie de células infectadas. Essas estruturas favorecem o

contato entre linfocitos infectados e linfocitos ndo-infectados, facilitando a transmissao

viral (PAIS-CORREIA et al., 2009) (Figura 9).

1) Sinapse viral

2) Modelo cléssico de
replicagdo dos retrovirus

3) Formagao de biofilmes

Figura 9. Disseminagdo viral através da formacdo de biofilmes. DC: Células Dendriticas. Adaptado de
NEJMEDDINE e BANGHAM, 2010.

Em 2010, Nancy Van Prooyen e colaboradores detectaram proteinas virais, como
p8 e proteinas traduzidas a partir dos genes env e gag, em conduites formados entre
linfocitos infectados e linfocitos ndo-infectados, sugerindo, portanto, um novo modelo de

disseminac¢ao viral utilizado pelo HTLV-1 (Figura 10).
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Figura 10. Formagdo de Conduites. Adaptado de VAN PROOYEN et al., 2010.

Apesar de ja terem sido descritas diversas formas de disseminagdo viral, o HTLV-
1 utiliza principalmente a expansdo clonal das células infectadas, via mitose (WATTEL
et al., 1995; CIMARELLI et al., 1996). Logo, esse retrovirus ndo utiliza com frequéncia
a transcriptase reversa, descrita na literatura como enzima com altas taxas de erros
(PRESTON e DOUGHERTY, 1996). Esses erros resultam em mutagdes que diminuem a
estabilidade do genoma viral. Portanto, o HTLV-1 ¢ um retrovirus estavel, quando
comparado com outros retrovirus, como o Virus da Imunodeficiéncia Humana (HIV), por

exemplo.

3.6 MANIFESTACOES CLINICAS E FISIOPATOLOGIA

O HTLV-1 foi inicialmente associado a leucemia/linfoma de células T do adulto
(ATLL) (YOSHIDA et al., 1982). Posteriormente, a infec¢do pelo HTLV-1 foi associada
as patologias neuroldgicas paraparesia espastica tropical (TSP) e mielopatia associada ao
HTLV (HAM), as quais, em 1988, foram admitidas por Roman e Osame como
manifestagdes complementares, compondo uma sindrome neuroldgica hoje conhecida

como HAM/TSP (GESSAIN, A. et al., 1985).
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A ATLL ¢ um linfoma/leucemia agressivo, que tem seu curso clinico classificado
em quatro estagios: aguda, cronica, linfoma e smouldering (SHIMOYAMA, 1991). Além
desses estdgios clinicos, existe ainda outra categoria conhecida como ATLL cutanea,
cujas manifestacdes sdo restritas a pele, e que posteriormente foi subdividida em duas
outras classificagdes: tumoral e eritematosa (BITTENCOURT et al., 2007). A ATLL
caracteriza-se pela infiltragio de células T CD4" nos linfonodos, bago, trato gastro-
intestinal e pele, além da presenca de células T anormais com nucleo lobulado ou em
forma de flor (flower cells) (MATSOUKA, 2005). A propor¢ao de ocorréncia de ATLL
em homens e mulheres infectados no Japdo ¢ de seis e dois por cento, respectivamente
(YASUNAGA e MATSOUKA, 2007).

A HAM/TSP, por sua vez, caracteriza-se por ser uma mielopatia lentamente
progressiva, que tem como consequéncia a paraparesia dos membros inferiores,
espasticidade e hiperreflexia (ROMAN e OSAME, 1988). Esta patologia, considerada
uma doenga de alta morbidade, estd presente em um a cinco por cento dos pacientes
infectados pelo virus e atinge com maior frequéncia as mulheres (KAPLAN et al., 1990).
Apesar de ainda ndo ser completamente esclarecida, existem trés hipdteses que buscam
explicar a patogénese da HAM/TSP. A primeira hipotese sugere que linfocitos T CD8"
especificos anti-HTLV-1 atravessariam a barreira hematoencefélica e destruiriam as
células da glia infectadas pelo HTLV-1, através de mecanismos de citotoxicidade direta
(NAKAMURA et al., 1993). A segunda hipotese envolve um processo de mimetismo
molecular entre o antigeno Tax e uma proteina neuronal, que acarretaria em um processo
inflamatorio autoimune com consequente lesdo neuronal (LEVIN et al., 2002).

A terceira, e mais aceita hipotese, propde que a patogénese da HAM/TSP esteja
relacionada a desmielinizacdo local atribuida a invasao de linfécitos infectados no sistema
nervoso central, e o desencadeamento de uma resposta inflamatoria cronica com
destruicio tecidual. Esse processo ocorreria a partir de células T CD4" infectadas com o
HTLV-1 e linfocitos T CD8" especificos anti-Tax que migrariam através da barreira
hematoencefalica e provocariam a destruicao das células da glia pelas citocinas liberadas
pelos CTLs contra as células T CD4" infectadas (OSAME, 2002).

Ja foi relatado que as células infectadas pelo HTLV-1 sdo encontradas em uma
frequéncia duas vezes maior no liquor quando comparado com o sangue periférico
(HAYASHI et al., 2008). Vale ressaltar que ainda ndo foi demonstrada a infec¢ao de
células do sistema nervoso central pelo HTLV-1, mas os linfécitos T CD8" especificos

anti-HTLV-1, que atravessam a barreira hematoencefédlica, secretam citocinas
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neurotdxicas, como interferon-y (IFN-y) e fator de necrose tumoral (TNF) (YAMANO et
al., 2002). Em pacientes com HAM/TSP observa-se a predominancia da resposta T helper
do tipo 1 (Th1) e a reducdo de citocinas T helper do tipo 2 (Th2), como a interleucina-4
(IL-4), mas apesar do aumento da produ¢do de IFN-y, ainda ndo foi comprovada a
associacdo entre os niveis dessa citocina e a gravidade da doenca (MUNIZ et al., 2006;
MONTANHEIRO et al., 2009).

Da mesma forma, a alta carga proviral resultante da expansdo clonal de linfécitos
T CD4" infectados pelo HTLV-1 leva a um aumento na expressdo de antigenos virais e,
consequentemente, aumenta a ativagdo de CTLs especificas. Nesse sentido a carga
proviral ¢ o Unico biomarcador de progressdo para HAM/TSP (JACOBSON, 2002;
GONCALVES et al., 2008).

O HTLV-1 também esté4 associado a outras patologias, como dermatite infectiva
associada ao HTLV-1 (GONCALVES et al., 2003), uveite associada ao HTLV (HAU)
(MOCHIZUIKI et al., 1992), além de doengas reumaticas, como sindrome seca e artrite
reumatoide (NISHIOKA, 1996; MCCALLUM et al., 1997).

A infec¢do pelo HTLV-1 ndo necessariamente implica no desenvolvimento de
processos patoldgicos e ainda ndo se sabe o que determina a manifestacdo da doenca e a
alta morbidade relacionada. Acredita-se que fatores relacionados ao hospedeiro, bem
como variagdes genéticas virais podem influenciar o desfecho da infec¢ao.

Estudos apontam que a carga proviral e a resposta imune normalmente
apresentam-se elevadas em individuos sintomaticos, quando comparados com individuos
assintomaticos. Tem sido sugerido que essa resposta imunolédgica ¢ influenciada por
fatores genéticos individuais como polimorfismos em genes de HLA (Human Lecocitary
Antigen) e genes envolvidos na resposta imune (PROIETTI, 2006). Além disso, a andlise
de individuos com diferentes estagios clinicos, mas apresentando niveis semelhantes de
carga proviral, demonstrou que células de pacientes assintomaticos produzem menores
niveis das citocinas pro-inflamatorias: TNF e IFN-y (NISHIMURA et al., 2000). Isto
sugere que esta baixa producdo seria importante para a manutencdo do estado
assintomatico e que outros fatores, além da carga proviral, também devem influenciar a
sintomatologia da infeccdo (FURUKAWA et al., 2003).

De acordo com pesquisas recentes, variagdes no genoma do HTLV-1 também
podem alterar o curso da infec¢do. Andlises de sequéncias do gene env demonstram a
presenca de mutagdes na regido génica que codifica a gp46 e gp2l. Miranda e

colaboradores descreveram cinco mutagdes na gp46 (F14S, S35L, N42H, G72S e V247I)
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e uma mutacdo na gp21 (Y477H) e sugerem que essas mutagdes levam a uma possivel
mudanga no perfil fisico-quimico dessas glicoproteinas (MOTA-MIRANDA et al.,
2013a; MOTA-MIRANDA et al., 2013b). Da mesma forma, também ja foram descritas
mutagdes em dominios de ativagdo do HBZ, além de mutacdes na ORF-I que podem
influenciar a persisténcia e infectividade viral, bem como o desfecho da infeccao (MOTA-
MIRANDA et al., 2013b; PISE-MASISON et al., 2014). Ao realizar analises na ORF-I,
Pise-Masison e colaboradores identificaram mutagdes responsaveis pela alteracdo da
concentragdo intracelular relativa das proteinas p12 e p8, e demonstraram a importante
dependéncia da expressdo de ambas as proteinas para a infectividade e persisténcia viral

(PISE-MASISON et al., 2014).

3.7 RESPOSTA IMUNE NA INFECCAO PELO HTLV-1

A resposta imune contra a infec¢do pelo HTLV-1 pode ser categorizada em dois
grandes grupos: resposta imune inespecifica (inata) e especifica (adaptativa). A resposta
imune inata ocorre de maneira rapida, a partir da acdo de neutréfilos e monocitos, ativagao
de células Natural Killer (NK), bem como ativacao do sistema complemento (PROIETTI,
2006). Embora os mecanismos da atividade inata sejam de extrema importancia no
momento inicial da infec¢do, ¢ a resposta imune adaptativa que exerce o papel mais
relevante no controle das infec¢des cronicas, como a infec¢do pelo HTLV-1 (LAL et al.,
1992).

Durante a infecc¢do viral, os linfocitos B interagem com proteinas do HTLV-1,
através dos receptores de células B (BRC), também denominados imunoglobulinas de
membrana, internalizando as estruturas antigénicas. Em seguida, esses linfocitos B
transformam-se em plasmdcitos e secretam imunoglobulinas especificas anti-HTLV-1,
com o intuito de neutralizar ou opsonizar o virus (PROIETTI, 2006).

No ambito da resposta imune humoral, o gene env tem fundamental importancia,
J& que a maioria dos anticorpos produzidos em resposta a infec¢do natural pelo HTLV-1
inclui aqueles direcionados contra as glicoproteinas do envelope. Sabe-se inclusive que a
regido central da gp46 ¢ responsavel por induzir 90% dos anticorpos anti-env que sao

produzidos nos individuos infectados (SHERMAN et al., 1993). Isso ocorre porque apos
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a infec¢do as proteinas do envelope sdo expressas na superficie das células infectadas e
sdo, portanto, reconhecidas pelo hospedeiro como alvos da resposta imune.

Individuos infectados pelo HTLV-1 desenvolvem uma resposta imune
significativa contra os produtos proteicos do gene env, mas apesar dessa elevada resposta,
os primeiros anticorpos especificos anti-HTLV-1 detectados sdo anti-gag e, portanto,
outras proteinas também podem ser utilizadas como marcadores da infecgdo, tais como a
proteina p19 e p24. Trabalhos recentes tém demonstrado o aumento na expressdao do
antigeno viral p19 com o aumento da proliferagdo das células infectadas (XIE e GREEN,
2005).

Simultaneamente ao mecanismo da resposta imune humoral, inicia-se a ativagao
da resposta imune celular, através da participagdo das células apresentadoras de antigenos
(APCs). As APCs mais importantes nesse processo sdo os macrofagos e células
dendriticas (DCs), que apds o processamento do antigeno apresentam os peptideos
processados através do complexo MHC-II/peptideo para os linfocitos T CD4". E
importante ressaltar que a interacdo entre a APC e o linfécito T dependerd da ligagdo
especifica com o receptor de superficie de células T (TCR), da presenca da molécula
CD4", bem como de moléculas coativadoras. Essa interagio precisa acontecer de forma
precisa para que a resposta imune seja efetiva (PROIETTI, 2006).

Os mondcitos podem ser classificados em subpopulagdes de acordo com o padrao
de expressdo das moléculas CD14 e CD16: classicos (CD14™", CD16), intermediarios
(CD14"" CD16") e ndo classicos (CD14", CD16™"). Apesar de ndo ter sido demonstrada
diferenga na frequéncia dessas subpopulagcdes em pacientes ndo infectados e pacientes
assintomaticos, pacientes com HAM/TSP possuem uma frequéncia menor de monocitos
classicos e maior de mondcitos intermediarios (AMORIM et al., 2014).

Ja as moléculas indicadoras de ativagao celular CD80, CD86 e HLA-DR,
presentes na superficie dos mondcitos, sdo expressas de maneira similar em pacientes
com diagndstico positivo e negativo para HAM/TSP, bem como em individuos nao
infectados pelo HTLV-1 (AMORIM et al., 2014). O mesmo ndo acontece com as células
dendriticas, ja que os pacientes infectados pelo HTLV-1 apresentam uma diminui¢dao na
expressdo de CD14 e CDl1a, além de moléculas como CD83, CD86 ¢ HLA-DR, mesmo
apos estimulacdo com TNF (JAIN et al., 2009; NASCIMENTO et al., 2011). Estudos
anteriores demonstram também que macrofagos de pacientes com HTLV-1 produzem
menos IL-10, quando comparados com individuos ndo infectados (AMORIM et al.,

2014).
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Apbs a apresentagdo do antigeno pela APCs, as células T CD4 " ativadas passam
a produzir citocinas e, consequentemente, a ativar e potencializar as respostas
imunolodgicas, incluindo a producdo de anticorpos e a resposta citotoxica. Essa resposta
citotoxica, realizada pelos linfécitos T CD8" ocorre a partir da liberagdo de granzima e
perforina, capazes de lisar a célula infectada (COOK et al., 2013). A eficiéncia dessa lise
celular influencia diretamente a carga proviral do hospedeiro e pode ser quantificada a
partir da marcagdo da proteina CD107a, presente no interior da vesicula que armazena a
granzima e perforina.

Sabe-se que a maioria dos linfocitos T CD8" especificos para o HTLV-1
reconhecem epitopos da proteina Tax, mas outros antigenos também exercem um papel
importante no desenvolvimento da resposta imune (JACOBSON et al., 1990; KANNAGI
et al., 1991). Vale ressaltar ainda que embora o0 HTLV-1 apresente um tropismo por
células T CD4", ele ¢ capaz de infectar células T CDS" (HANON et al., 2000), e outras
células ndo-T, incluindo mondcitos e linfocitos B (KOYANAGI et al., 1993), macrofagos
(NATH, 2002), células dendriticas (KNIGHT et al., 1993) e endoteliais (SETOYAMA et
al., 1998).

Pise-Masison e colaboradores avaliaram se a persisténcia viral pode ser
influenciada por mutacdes na ORF-I do HTLV-1 capazes de alterar a concentragdo
relativa das proteinas p12 e p8. A mutacdo N26 resulta em uma maior expressao de p8,
enquanto a G29S aumenta a concentracdo da p12. Na figura 12, é possivel observar a
influencia das proteinas p12 e p8 na capacidade de lise dos linfocitos T CD8" (CTL), onde
as células T CD4" com expressdo equivalente de p12 e p8 (D26) apresentaram menores
taxas de lise, enquanto as células com expressdo alterada da ORF-I (N26 e G29S), bem
como as cé¢lulas deficientes em pl2 e p8 (12KO), foram eficientemente reconhecidas

pelas CTLs (PISE-MASISON et al., 2014).
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Figura 11. Taxa de lise especifica de células T CD4+ infectadas com diferentes cepas do HTLV-1 PISE-
MASISON et al., 2014.

Essas mutagdes também foram avaliadas quanto a sua influéncia na manutencdo
da carga proviral, onde foram observadas altas cargas provirais em pacientes com
diagnostico positivo e negativo para HAM/TSP que possuiam expressdo equivalente de
pl12 e p8 (Figura 13). Esses dados sugerem que mutacdes na ORF-I podem influenciar a

persisténcia viral (PISE-MASISON et al., 2014).
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Figura 12. Analise de carga proviral em PBMC de pacientes infectados pelo HTLV-1, com mutagdes na
ORF-1 Simbolos abertos = HC; simbolos fechados = HAM/TSP. PISE-MASISON et al., 2014.
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3.8 VACINAS ANTI-HTLV-1

O desenvolvimento de vacinas tem proporcionado um grande impacto na saude
publica mundial. Entretanto, apesar da infec¢ao pelo HTLV-1 ser endémica em diferentes
regides geograficas do mundo, ainda permanece sem um método de profilaxia eficaz. A
maioria das vacinas de DNA plasmidial, desenvolvidas at¢ o momento, induziram
resposta imune protetora em modelos utilizando animais de pequeno porte, porém a
imunogenicidade destas em primatas mostrou-se menos potente (DONNELLY et al.,
1997; MACGREGOR et al., 1998).

Estudos recentes sugerem uma nova abordagem, que otimiza elementos
regulatorios no esqueleto do vetor vacinal, melhorando a imunogenicidade das vacinas
de DNA. Entre diversas regides analisadas, verificou-se que a adi¢do de uma sequéncia
reguladora da regido R da regido LTR do HTLV-1 a regido promotora/reguladora do
citomegalovirus (CMV) aumenta de 5 a 10 vezes a expressdo dos transgenes env € gag
do HIV-1, e intensifica a resposta imune celular contra antigenos. Foi demonstrado
também que além da incorporac¢ao do elemento R do HTLV-1, a utilizacdo dos transgenes
separados, no lugar de genes codificando proteinas de fusdo, representa uma estratégia
simples e pratica que contribui para o aperfeicoamento das vacinas de DNA (BAROUCH
et al., 2005). Estes dados demonstram que a otimizacdo de elementos regulatorios
especificos aumenta substancialmente a imunogenicidade das vacinas de DNA
codificando antigenos diferentes em animais de pequeno porte € em primatas nao
humanos.

Em outro estudo, realizado por um grupo de pesquisadores do Institut Pasteur da
Franca e do Instituto Nacional do Cancer nos EUA, foi avaliada a imunogenicidade e
eficacia de uma vacina de DNA, cujo vetor era derivado do virus vaccinia (NYVAC)
contendo o gene env ou env e gag do HTLV-1. Trés macacos-esquilo foram vacinados,
com o recombinante contendo apenas env (doses nos tempos 0, 1 e 3 meses) e submetidos
a transfusdo intravenosa de células infectadas com o HTLV-1. A resposta imune contra o
HTLV-1 foi detectada em um unico animal vacinado. No entanto, apds uma dose tnica
(inicial) com o recombinante contendo apenas env, seguido pela imunizag¢do com a vacina
NYVAC HTLV-1 gag e env, aos 6, 7 ¢ 8 meses, todos os trés animais se mostraram

protegidos apds transfusdo com células infectadas pelo HTLV-1(KAZANIJI et al., 2001).
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Além disso, estudos avaliaram a eficacia de um vetor vacinal derivado do poxvirus (R-
ALVAC), onde quatro coelhos brancos da Nova Zelandia foram vacinados com o vetor
R-ALVAC nos meses 0 e 1. Apos o desafio vacinal, 100% dos coelhos mostraram-se
protegidos. Infelizmente, essa protecdo nao foi duradoura, visto que no més 11 os animais
se tornaram infectados (FRANCHINI et al., 1995).

Até o presente momento ndo foram descritas nenhuma profilaxia e terapia
especificas eficazes na cura da infec¢do pelo HTLV-1. Apesar da alta morbidade, os
pacientes que desenvolvem manifestagdes clinicas devem ser acompanhados e
submetidos a metodologias paliativas, como tratamentos fisioterapicos e/ou

medicamentosos.
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4 RESULTADOS

Os resultados obtidos sobre a caracterizagdo molecular da ORF-I do HTLV-1
proveniente de pacientes com ATLL, DIH, HAM/TSP e assintomaticos, bem como a
anota¢do do principal genoma completo do HTLV-1 foram organizados em trés artigos.

O primeiro artigo, intitulado “4 fully annotated genome sequence of human T-cell
lymphotropic virus type 1 (HTLV-1)”, descreve a anotacdo completa do principal clone
molecular do HTLV-1 (ATK1), utilizado como sequéncia referéncia nas analises in silico
para a caracterizacdo molecular da ORF-I. Neste artigo, publicado na revista “Journal of
Bioinformatics, Computational and Systems Biology”, foi descrita a posi¢ao nucleotidica
inicial e final dos genes do HTLV-1 e seus respectivos produtos.

O segundo artigo, publicado na revista “Infection, Genetics and Evolution”,
contempla os resultados sobre a correlagdo entre mutagdes na ORF-I do HTLV-1, carga
proviral e desenvolvimento de HAM/TSP, e possui como titulo “Analyses of HTLV-1
sequences suggest interaction between ORF-I mutations and HAM/TSP outcome”. Os
resultados obtidos nesse trabalho sugerem uma potencial associagdo entre mutagdes
especificas na ORF-I, alta carga proviral e desenvolvimento de HAM/TSP.

O terceiro artigo, intitulado “Assessment of genetic diversity of HTLV-1 ORF-I
sequences collected from patients with different clinical profiles”, aborda a avaliagdo da
diversidade genética da ORF-I do HTLV-1 em pacientes com diferentes perfis clinicos e

se encontra em processo de preparagdo para publicagdo.
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4.1 A fully annotated genome sequence of human T-cell lymphotropic virus type 1

(HTLV-1).
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Abstract

In the next generation of genome sequencing, sequence annotation
plays an important role with respect to genome evaluation. The aim
of annotation is to identify key features in the genome, such as genes
and their products. Although annotation tools are available and some
sequence features have been published, annotation information for
many complete and partial genomes of Human T-Cell Lymphotropic
Virus Type 1 (HTLV-1) remains ilable from GenBank
analysis is critical to the understanding of the pathogenesis of HTLV-1,
and a well-annotated reference sequence is an essential component in
this analysis. More accurate and complete information about the HTLV-1
genome can assist the scientific community in investigations on possible
therapeutic and prophylactic vaccines, as well as aid studies on the
patt is of HTLV-1-: i i Here we describe for the
first time the complete nucleotide position annotation of the frequently
used HTLV-1 reference sequence, ATK1 (accession number: J02029.1).

Keywords: HTLV-1; ATK1; Complete Genome; Annotation

Introduction

Human T-cell lymphotropic virus type 1 (HTLV-1) is present
throughout the world and it is estimated that 5-10 million
individuals are infected [1]. This retrovirus has been mainly
linked to Adult T Cell Leukemia/Lymphoma (ATLL), Tropical
Spastic Paraparesis/HTLV-associated myelopathy (HAM/TSP) and
infective dermatitis [2-4].

One of the challenges faced by researchers in the development
of an HTLV-1 vaccine is to determine why some individuals develop
pathological processes, while others remain asymptomatic.
Genomic studies have indicated that HTLV-1 mutations may be
associated with infection outcome, yet the GenBank database
contains relatively few complete genomes available [5-8]. In
addition, the most used HTLV-1 genome (ATK1) is incomplete with
regard to the start and end nucleotide position of each gene. ATK1

was the first human retrovirus genome described and to date has
not been fully annotated [9]. Here, we performed the complete
nucleotide position annotation of the full ATK1 genome available at
GenBank. We hope that this information will support future HTLV-1
research efforts by the scientific community.

Materials and Methods

To perform the complete nucleotide position annotation of the
most used HTLV-1 genome (ATK1), this sequence was downloaded
from GenBank (accession number: J02029.1) and all available features
were recorded. Next, we identified in GenBank other complete and
partial HTLV-1 sequences with some nucleotide position information,
through the “HTLV-1 complete sequence; HTLV-1 and LTR; HTLV-1 and
HBZ; HTLV-1 and p12; HTLV-1 and p30” keywords.

After downloading these sequences, Clustal X 2.0 software was
used to align all sequences, including ATK1 [10,11]. The alignment
was manually edited and the correct nucleotide positions of the
HTLV-1 genes in the complete and partial sequences was analyze
in relation to ATK1 sequence. The nucleotide position annotation
of ATK1 was performed using Geneious R6 software [12]. Finally,
Universal Protein Resource (UniProt, www.uniprot.org) was used
to confirm coding region annotations through the alignment of
HTLV-1 protein sequences available in the UniProt and the ATK1
sequence translated based on our annotations [13]. Figure 1
explains the workflow of ATK1 nucleotide annotation.

Results and Discussion

Complete nucleotide annotations provide the scientific
community with the necessary data to better interpret biological
processes. In the case of HTLV-1, this information is particularly
important since the literature is controversial with respect to the
nucleotide position of each of the protein products, especially those
produced by pX.

Download
Download HTLV-1 Nucleotide Confirm
ATK1 complete Sequences position CDS
sequence and partial alignment and annotation
and sequences and edition annotation with
features with of ATK1 UNIPROT
features

Figure 1: The workflow of ATK1 nucleotide position annotation. The ATK1 accession numbers is J02029.1. The accession numbers of the HTLV-1
complete and partial sequences downloaded are NC_001436, Y16487.2, U19949, ]X184913.1 and KM436104.1.
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Figure 2: The fully annotated genome of human T-cell lymphotropic virus type 1 (HTLV-1). (The complete HTLV-1 genome is represented as a box. The
LTR promoter regions and the genes encoded by sense mRNA are shown in different colors. Each protein is represented by a line with a color specific
to its corresponding gene. HBZ and HBZ-SI are encoded by an antisense mRNA, represented by a dotted line. Proteins labeled with asterisks (*) are

gp46 gp21 pi12

p8
p30*
GE
p27*
p40*
HBZ

HBZ ST*

Region Repeat Features Location
U3 23..374
5’'LTR R 375...603
us 604..777
3'LTR U3 8301...8652
R 8653...8881
us 8882...9055
Gene Mature Peptides CDS Location
p19 824..1213
gag gag-pro-pol p24 1214...1855
p15 1856...2113
pro gag-pro-pol pl4 1960...2778
pol gag-pro-pol p95/IN -..5210
gp46 5203..6138
env gp63
gp21 6139...6669
p12 pl2 6857..7156
p8 p8 6944..7156
p30 p30 5203-5206...6853-7574
X p13 p13 7311..7574
Rex p27 5147-5206...7325-7834
Tax p40 5203-5206...7325-8382
HBZ HBZ 7312...6686
HBZ SI HBZ SI 7290-6686...8702-8690

Table 1: Nucleotide positions of HTLV-1 genes in the ATK1 sequence
(accession number: J02029.1). (The sites of reverse transcriptase (p95)
and integrase translation initiation have not been determined; LTR = long
terminal repeat).

To establish a localization standard for the HTLV-1 genes and
proteins, we analyzed the ATK1 sequence and performed the
complete nucleotide annotation of this sequence. As shown in figure
2, the HTLV-1 genome is composed of genes gag, pol, env and the pX
region, flanked by two Long Terminal Repeat (LTR) regions at both

5" and 3’ ends. The gag precursor protein is cleaved into products.
The pol gene encodes polymerase p95 (reverse transcriptase) and
an integrase, although the sites of translation initiation have yet to
be determined. A frameshift occurs at the 3’ gag termination and the
beginning of the pol gene, which encodes p14 (protease). The env
precursor protein is also cleaved to generate two products: gp46
and gp21. The pX region contains four overlapping open reading
frames (ORF) that encode regulatory and accessory proteins and
an antisense mRNA that generates the basic leucine zipper (HBZ)
protein and the isoform of HBZ (HBZ-SI). ORF-I produces the p12
protein, which can be further cleaved into p8 protein, while ORF-II
produces two proteins: p13 and p30, with part of the p30 protein
being coded by env. ORF-III and ORF-IV produce proteins p27 (Rex)
and p40 (Tax), respectively, both also partially coded by env. The size
of this genome is approximately 9 kilobase (kb) and the startand end
nucleotide positions of each gene are described below in Table 1.

The RefSeq database of GenBank suggests another sequence as
reference (accession number: NC_001436). However, most of HTLV-
1 papers used the ATK1 as reference sequence in their analysis [14-
16]. Nevertheless, both of these sequences do not have information
about all the HTLV-1 products, as p14, p12, p8, p30, p13 and HBZ.
Therefore, our complete results can be used as a reference for the
alignment and annotation of other HTLV-1 genomes.

Conclusion

The present study attempted to perform a complete nucleotide
annotation of the most used HTLV-1 complete genome, ATK1.
There are many questions that remain to be answered in the field
of HTLV-1 research, and we hope that these data will assist other
investigations carried out by the scientific community.

Availability of Data and Material

All sequences are available in the GenBank database (accession
numbers: J02029.1; NC_001436; Y16487.2; U19949; ]X184913.1;
KM436104.1).
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ARTICLE INFO ABSTRACT

Article history: The region known as pX in the 3’ end of the human T-cell lymphotropic virus type 1 (HTLV-1) genome contains
Received 5 April 2016 four overlapping open reading frames (ORF) that encode regulatory proteins. HTLV-1 ORF-I produces the protein
Received in revised form 17 August 2016 p12 and its cleavage product p8. The functions of these proteins have been linked to immune evasion and viral
:5:&;2 ;2]::?;15‘ Azl?gllit 2016 infectivity and persistence. It is known that the HTLV-1 infection does not necessarily imply the development

of pathological processes and here we evaluated whether natural mutations in HTLV-1 ORF-I can influence the
proviral load and clinical manifestation of HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/

’}{ﬁr}]’_v\;?{ds' TSP). For that, we performed molecular characterization, datamining and phylogenetic analysis with HTLV-1
ORF-1 ORF-I sequences from 156 patients with negative or positive diagnosis for HAM/TSP. Our analyses demonstrated
HAM/TSP that some mutations may be associated with the outcome of HAM/TSP (C39R, L40F, P45L, S69G and R88K) or
with proviral load (P34L and F61L). We further examined the presence of mutations in motifs of HBZ and ob-
served that P45L mutation is located within the HBZ nuclear localization signal and was found more frequently
between patients with HAM/TSP and high proviral load. These results indicate that some natural mutations are
located in functional domains of ORF-I and suggests a potential association between these mutations and the pro-
viral loads and development of HAM/TSP. Therefore it is necessary to conduct functional studies aimed at evalu-
ating the impact of these mutations on the virus persistence and immune evasion.
© 2016 Elsevier B.V. All rights reserved.
1. Introduction processes and the majority of infected individuals remain asymptomat-

The human T-cell lymphotropic virus type 1 (HTLV-1) was the first
human retrovirus identified that is associated with disease, including
adult T cell leukemia/lymphoma (ATLL), tropical spastic paraparesis/
HTLV-associated myelopathy (HAM/TSP), and infective dermatitis,
polymyositis (Gessain et al., 1985; Goncalves et al.,, 2003; Poiesz et al.,
1980; Yoshida et al., 1982). A recent research based on individuals
originated from known HTLV-1 endemic areas estimates 5-10 million
infected individuals (Gessain and Cassar, 2012). Indeed, HTLV-1 infec-
tion does not necessarily imply the development of pathological
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E-mail address: lalcan@bahia.fiocruz.br (L.C. Alcantara).
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1567-1348/© 2016 Elsevier B.V. All rights reserved.

ic, with only a low percentage of individuals developing HAM/TSP (0.3
2%) (Kaplan et al., 1990; Maloney et al., 1998). Studies indicate that high
proviral load is typically seen in individuals with a positive diagnosis of
HAM/TSP, when compared with infected individuals without the diag-
nosis for this disease (Nagai et al.,, 1998).

A region near the 3’ end known as pX encodes important regulatory
and accessory proteins shown to effect viral replication mechanisms
(Edwards et al., 2011; Lairmore et al., 2012, 2011). Transcription of this
region results in alternative forms of messenger RNA (mRNA), which
contains four partially overlapping open reading frames (ORFs) and an
antisense mRNA that generates the basic leucine zipper (HBZ) protein
(Berneman et al., 1992; Ciminale et al., 1992; Gaudray et al., 2002;
Koralnik et al., 1992). Interestingly the promoter of the four ORFs is 5’
LTR, but the HBZ promoter is in 3' LTR (Berneman et al.,, 1992). Singly
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spliced mRNA from ORF-I produces the protein p12 that can be further
cleaved into the p8 protein. Differential splicing of mRNA from ORF-II en-
codes the proteins, p30 and p13. The ORF-IIl and ORF-IV produce the pro-
teins Rex and Tax, respectively (Ciminale et al., 1992; Johnson et al.,
2001; Kiyokawa et al., 1985, 1984; Koralnik et al., 1992).

The expression of ORF-I in infected cells has been shown to regulate
the biologically activity of HTLV-1, influencing the virus infectivity and
persistence (Pise-Masison et al., 2014). The p12 protein resides in the
endoplasmic reticulum and its expression increases the intracellular
calcium concentration from the ER through inositol trisphosphate re-
ceptors, consequently promoting the dephosphorylation of activate nu-
clear factor of activated T-cells (NFAT) (Albrecht et al,, 2002; Ding et al,,
2002; Fukumoto et al., 2009). In addition, p12 can bind newly synthe-
sized major histocompatibility complex class I (MHC I) molecules, re-
ducing its expression on the cell surface. Although downregulation of
MHC class I triggers NK cell activation, HTLV-1 infected cells are resis-
tant to NK cell killing through p12's reduction of cell surface ICAM-1
and ICAM-2 (Banerjee et al., 2007).

The p12 protein undergoes double proteolytic cleavage. The first
cleavage occurs between amino acid positions 9 and 10 and removes
the ER retention/retrieval signal of p12. The second cleavage occurs be-
tween amino acids 29 and 30 and generates the p8 protein (Edwards et
al., 2011). The p8 protein resides at the cell surface and its expression in-
duces cellular conduits and enhances virus transmission (Van Prooyen
etal, 2010).

Trovato et al. demonstrated two natural allelic variants of p12: a ly-
sine-to-arginine change at position 88, which was found more fre-
quently in patients with HAM/TSP and could be important for HTLV-1
outcome (Trovato et al., 1999). More recent studies on ORF-I suggest
the co-dependence of p12 and p8 proteins to virus persistence and
demonstrated that natural mutations within ORF-I sequences can affect
the relative amounts of these proteins (Pise-Masison et al., 2014). Here,
we demonstrate that natural mutations in HTLV-1 ORF-I might influ-
ence the proviral load and clinical manifestation of HAM/TSP.

2. Materials and methods

To perform the molecular analysis of ORF-1 HTLV-1 we analysed
1530 HTLV-1 ORF-I sequences of different isolated cell clones from a
total of 156 HTLV-1-infected subjects. These samples were obtained
from the Centre Hospitalier Universitaire de Fort-de-France in Marti-
nique, the Institut Pasteur de Cayenne in French Guyana, the Bahia
School of Medicine and Public Health and the National Institutes of
Health Clinical Center. Blood samples from these individuals were ob-
tained and the DNA extracted from PBMCs was used to determine the
proviral load using Real-time PCR of Tax. The same DNA was used for
amplification of ORF-I through PCR reactions and these PCR products
was purified and cloned into specific vector. Five to twenty clones per
patient were isolated and sequenced. These methods were described
in detail by Pise-Masison et al.(Pise-Masison et al., 2014).

The final dataset was composed of 879 HTLV-1 ORF-I sequences
from 86 patients with not HAM/TSP, referred to as Health Carrier
(HC), and 651 HTLV-1 ORF-I sequences from 70 patients with HAM/
TSP. These sequences were originated from different geographic regions
(Caribbean, France, North America, Africa, and Brazil) and classified ac-
cording to a negative or positive diagnostic for HAM/TSP. All samples
were anonymized and the clinical classification was carried out by med-
ical experts according to World Health Organization (WHO). The re-
search was conformed to the guidelines of the ethics review board of
the National Cancer Institute and informed consent was written and ob-
tained from each subject.

2.1. Molecular characterization

The genetic distances among the sequences from patient with nega-
tive or positive diagnosis for HAM/TSP were measured within and

between the different datasets using the MEGA 5.05 program and the
analyses about the proviral load was conducted using the STATA pro-
gram. The statistical analyses of the proviral load were performed
using Mann-Whitney test and a P value lower than 0.05 was considered
statistically significant.

Since we get differing numbers of clones from each patient, the
characterization of mutations was determined by a qualitative anal-
ysis considering the presence or absence of variants among the se-
quences of each individual. If one of the patient sequences has the
variant we consider that the patient has the mutation (Geneious
5.6.5 program). We selected the most frequent natural mutations
within ORF-I sequences (F3L, S23P, D26N, G29S, P34L, C39R, L40F,
P45L, F61L, S63P, L66P, S69G, R83C, R88K and P91S) to evaluate
their possible association with the development of HAM/TSP using
the Excel program. The statistical analyses were performed using
Fisher's exact test and a P value lower than 0.05 was considered sta-
tistically significant.

2.2. Datamining

We used a two-step approach, using an unsupervised method for at-
tribute selection (naive Bayesian networks analysis), followed by a su-
pervised method for disease progression classification (Decision tree
J48). A Bayesian network (BN) is a probabilistic model that describes
statistical conditional dependencies between multiple variables. In this
study, we learn Bayesian networks from observation of the attributes.
Dependencies are visualized in a directed acyclic graph and form the
qualitative component of the BN. In this graph, each node corresponds
to an attribute, and a direct arc between nodes represents a direct influ-
ence. Mathematically, a Bayesian network provides a refactoring of the
Joint Probability Distribution (JPD) of the data, using Bayes' rules. As a
BN simplifies the JPD, it provides an effective model that summarizes
statistical properties of the data. In this way, the best Bayesian network
is searched that explains a maximum of the observed associations in the
data using a minimum number of direct influences. Bayesian network
learning was performed using the B-course software adapted by
Deforche et al. (Deforche et al., 2006). In this non-linear model, the con-
ditional dependency was assessed with a nonparametric bootstrap
(100x replicates) (Friedman et al., 2013). The Decision tree |48 strategy
is based on divide-and-conquer approach, sometimes called top-down
induction of decision trees. It was developed and refined by J. Ross
Quinlan at the University of Sydney in Australia. Divide-and-conquer al-
gorithms operate by adding tests to the tree that is under construction,
always striving to maximize the separation between the classes. Each of
these involves finding an attribute to split on. The state of the art for
error evaluation, independently from the loss functions, is to execute
the 10-fold cross validation when a test set is unavailable. To execute
and validate J48 decision tree approach we used the data mining suite
Weka (E. WiaF, 2011).

2.3. Phylogenetic analysis

The phylogenetic analysis was performed using consensus se-
quences of patients from Brazil. Clustal-X was used for the alignment
and the TN93 model of nucleotide substitution was selected using
jModelTest. The maximum likelihood tree was inferred using PhyML
online tool and bootstrap analysis (1000 replicates) was used to calcu-
late the statistical support of the tree branches. Tree visualization and
editing was done using FigTree v.1.2.2.

3. Results
3.1. Descriptive characteristics of the study samples

In this study, we analysed HTLV-1 ORF-I sequences from a total of
156 HTLV-1-infected subjects. Our final dataset was composed of 879
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HTLV-1 ORF-I sequences from independently isolated clones of 86 non-
HAM/TSP individuals (HC) and 651 HTLV-1 ORF-I sequences from inde-
pendently isolated clones of 70 patients diagnosed with HAM/TSP (Pise-
Masison et al., 2014). The median proviral load of patients with HAM/
TSP was 22.9 copies/100 cells (IQR 11.9-47.6) which was significantly
higher than HC, whose median proviral load was 8.7 copies/100 cells
(IQR 0,5-17,8) (p <0,0001).

Next, we measured the genetic distance between sequences using
the MEGA 5.05 program. Interestingly, we found that the diversity be-
tween sequences from patients with HAM/TSP (0.014) was lower than
that found between sequences from heath carrier (0.017).

3.2. Association of mutations in ORF-I sequences from HTLV-1-infected pa-
tients with proviral load and clinical definition

We analysed the presence or absence of fifteen amino acid changes
(F3L, S23P, D26N, G29S, P34L, C39R, L40F, P45L, F61L, S63P, L66P,
S69G, R83C, R88K and P91S) that influence the expression profile of
the HTLV-1 ORF-I protein product. As previously described (Pise-
Masison et al., 2014), these mutations resulted in three patterns of
ORF-I protein expression: higher levels of p8 expression, higher levels
of p12 expression or an equivalent level of p8 and p12 expression. We
then compared the frequency of each mutation in non-HAM/TSP
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Fig. 1. Frequency of natural mutations within ORF-I sequences. The characterization of mutations was determined by a qualitative analysis considering the presence or absence of variants
among the clone sequences of each individual. (A) The graph represents a comparison between patients with positive or negative diagnosis of HAM/TSP for a given mutation. (B)
Comparison between patients with high and low proviral loads (PVL). High PVL are indicated by white bars and the patients with low PVL are indicated by black bars. (C) Mutation
frequency was graphed for HAM/TSP patients with high PVL (black bar), HAM/TSP with low PVL (dotted bar), no HAM/TSP (HC) with high PVL (white bar) and HC with low PVL
(striped bar). The phenotype of ORF-I protein expression is: Mostly expression of p12 (F3L, S23P, G295, P34L, C39R L40F, P45L, F61L, S63P, L66P); Mostly expression of p8 (D26N);
Same expression of p12 and p8 (S69G, R83C, R88K, S91P). P values were calculated by the Fisher's exact test.
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patients (HC) to HAM/TSP patients. In addition, a comparison between
amino acid sequence and proviral load was performed (Fig. 1).

As shown in Fig. 1A, mutations P45L, S69G and R88K were found
more frequently in patients with a positive diagnosis for HAM/TSP,
whereas mutations C39R and L40F were found more frequently in HC.
Of note, Trovato et al. showed that a lysine residue at position 88
destabilized the p12 protein by proteasomal degradation and that this
mutation could be associated with HAM/TSP (Trovato et al., 1999).
While this mutation was found more frequently in HAM/TSP patients
than HC, we did not find a correlation between R88K and proviral load
(Fig. 1B).

In contrast, mutations D26N, P34L, C39R, F61L and R83C were asso-
ciated with low proviral load and P45L with high proviral load (Fig. 1B).
A combined classification of proviral load and clinical diagnosis reveals
mutations D26N and F61L are associated with low proviral load and
HC, whereas mutations S63P and R83C are associated with high proviral
load and HAM/TSP (Fig. 1C). The mutations P34L and S91P appear most
frequently (>than 40% of the sequences analysed) but are not associated
with the development of HAM/TSP. However, as seen in Fig. 1B, there
was a higher frequency of P34L sequences in individuals with low pro-
viral load.

Similarly, mutations C39R and F61L were more frequently found
in patients with low proviral load (Fig. 1B). These three mutations
(P34L, C39R and F61L) that result in predominant expression of
p12 are associated with low proviral load. Whereas, the mutation
D26N, the only mutation that resulted in predominant p8 expres-
sion, was not associated with the development of HAM/TSP but
was associated with low proviral load and HC (Fig. 1B and C). These
results are consistent with that of Pise-Masison et al. (Pise-Masison
et al.,, 2014), where predominant expression of either p12 or p8
was associated with low proviral load.

Low proviral load in some individuals might also be influenced by
alterations in remaining open reading frames in which other acces-
sory proteins are encoded, such as viral protein HTLV-1 bZIP factor
(HBZ). As described in previous studies, HBZ is encoded by the com-
plementary strand of the HTLV-1 genome (7292 to 6666) and seems
to play a role in cellular transformation, survival and proliferation
(GenBank: U19949) (Matsuoka, 2010; Matsuoka and Green, 2009).
Here, we further examined the presence of these mutations in motifs
of HBZ and only four mutations in ORF-I resulted in changes in the
HBZ ORF: P34L, P45L, L66P and R88K. Among them, only the P45L
mutation is located within the motif previously described (HBZ
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nuclear localization signal) and was found more frequently between
patients with HAM/TSP and high proviral load.

3.3. Data mining approach reveals that mutation interactions are necessary
to define HAM/TSP pathogenesis

To reveal possible interactions among specific mutations in ORF-I,
proviral load, and disease definition, we employed a two-step ap-
proach, using an unsupervised method for attribute selection
(naive Bayesian networks analysis, BN), followed by a supervised
method for disease progression classification (Decision tree J48).
First, Bayesian network analysis with all sequences showed a central
association among disease progression, proviral load and patient or-
igin, that interacted directly with mutations in ORF-I region: D26N,
G29S, P34L, L40F, P45L, S63P, L66P, S69G, R83C. This first BN analysis
revealed a possible biased geographical distribution of mutation
prevalence given that in our dataset we do not have sequences
from patients HC and HAM/TSP from all the geographic regions
(data not shown). Due to this, we decided to use only samples from
Brazil (27 HAM/TSP patients [median of 9 samples/patient, IQR =
7-17] and 48 HC [median of 10.5 samples/patient, IQR = 8-19]).
No statistical significance was observed between the medians of
the number of samples per HAM/TSP patients and HC (Fig. 2A). We
then applied Decision tree J48 to predict HAM/TSP samples,
confirming univariate analysis and revealing hidden conditional de-
pendencies among mutations and proviral load (Fig. 2B). We ob-
served several interactions associated with a true positive rate of
0.63 for HAM/TSP, as among D26N mutation and high proviral load
or interactions between high proviral load, 26D, 29G and 34P. The
predicted results above were plotted in a matrix 2 x 2 and Sensitiv-
ity, Specificity, Positive Predictive Values and Negative Predictive
Values were described in Table 1.

Since sequences “states” are not statistically independent observa-
tions and these findings between mutations and disease manifestation
could be associated with shared ancestry inherent, we performed a phy-
logenetic analysis using sequences of patients from Brazil (n = 75 con-
sensus sequences) but the phylogenetic tree presented poor
phylogenetic signal with no bootstrap support. This result might be ex-
plained due to the HTLV-1 ORF-I being a short region (300 bp) and high-
ly conserved and it is known that the indicated region for subtyping
HTLV-1 is LTR (Alcantara et al., 2009).

®
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Fig. 2. Analysis of interactions among mutations in ORF-I, proviral load, and development of HAM/TSP. (A) Comparison of number of samples sequenced between HAM/TSP patients and
HC from Brazil. This dataset is composed of 27 HAM/TSP patients [median of 9 samples/patient, IQR = 7-17] and 48 HC [median of 10.5 samples/patient, IQR = 8-19] (Mann Whitney test,
p = 0.43). (B) Discovery of hidden conditional dependencies between proviral load and ORF-1 mutations associated with HAM/TSP. To reduce noise in the statistical analysis, proviral load
measurements were discretized in 25% quartile and the results were represented as binary decision tree graphs. Nodes outline the chosen attributes and the number (n=) of instances and
the accuracy defined per decision branch (%). This dataset is composed of 938 samples (Overall Accuracy = 78.25%, Detailed accuracy per HAM/TSP: True positive rate = 0.60, f-

measure = 0.65 and AUC = 0.8).
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Table 1

Results of conditional dependencies between proviral load, ORF-1 mutations and clinical status. The ORF-I sequences were originated from different isolated cell clones of HTLV-1-infected
patients from Brazil. PPV means positive predictive value and NPV means negative predictive value.

Sequences Parameter (%)
Conditional dependency: HC HAM/TSP
Proviral load (PVL) and mutation (AA) Prediction (n=616) (n=322) Sensitivity Specificity PPV NPV
Low PVL HC 283 24 86 63 82 70
High PVL + 26N HAM/TSP 0 17
High PVL + 26D + 295 HC 83 31
High PVL 4 26D + 29G + 34P HAM/TSP 79 166
High PVL + 26D + 29G + 34L + 83C HAM/TSP 8 21
High PVL + 26D + 29G + 34L + 83R HC 163 63

4. Discussion

HTLV-1 infection does not necessarily imply the development of
pathological processes and it is not known what determines the mani-
festation of the disease in an infected individual. To date, proviral DNA
levels in the blood are the best predictor of risk for the development
of HAM/TSP (Matsuzaki et al., 2001; Yamano et al.,, 2002). Here, we de-
scribed HTLV-1 ORF-I mutations that are associated with disease pheno-
type and may influence the outcome of infection and the development
of HAM/TSP.

Computational analysis of the amino acid sequence of p12 predicts
the existence of several functional domains, including a noncanonical
endoplasmic reticulum (ER) retention signal, two leucine zipper (LZ)
motifs, two transmembrane domains, a calcineurin-binding motif and
four proline-rich Src homology 3 (SH3)-binding domains (Ding et al.,
2002; Fukumoto et al,, 2009). Some mutations analysed here are located
in functional domains of ORF-I and may be associated with clonal ex-
pansion of HTLV-1-infected cells. The D26N and F61L mutations are lo-
cated in the first and second transmembrane domains, respectively, and
are found more frequently in patients with low proviral load, as shown
in Fig. 1B. Our data support studies that suggest co-expression of p12
and p8 are important for efficient viral persistence (Pise-Masison et
al, 2014).

Only R83C mutation is located in a calcineurin-binding motif and is
associated with low proviral load. Calcineurin plays a crucial role in T-
cell activation, in part, by dephosphorylating the nuclear factors of acti-
vated T cells (NFATs). NFAT is essential for activating cytokine gene ex-
pression and, thus, the immune response (Kim et al., 2003). p12 is able
to mediate an increase in cytosolic calcium in T-cells by increasing calci-
um release from the ER (Kim et al., 2003). By depleting ER calcium
stores and increasing cytosolic calcium, p12 can modulate cellular pro-
cesses including T-cell proliferation, viral replication, and viral spread.
Early studies on ORF-I showed that it activates NFAT (Albrecht and
Lairmore, 2002; Kim et al., 2003). Therefore, mutations in the calcine-
urin binding region of ORF-I could affect NFAT activity and impact the
immune response and viral replication.

Low proviral load might also be influenced by alterations in other ac-
cessory proteins, such as HBZ protein, that seems to play a role in cellu-
lar transformation, survival and proliferation (Albrecht and Lairmore,
2002; Gaudray et al.,, 2002; Matsuoka and Green, 2009). Here, we dem-
onstrated only the P45L mutation is located within the HBZ nuclear lo-
calization signal and was found more frequently between patients with
HAM/TSP and high proviral load. This finding is consistent with results
showing that HBZ down-regulates Tax-induced HTLV-1 transcription
and thus viral replication (Matsuoka, 2010; Matsuoka and Green, 2009).

Many different machine-learning tools have been used to predict
therapy failure and conditional dependency among drug resistance mu-
tations (Pineda-Pena et al., 2014; Prosperi and De Luca, 2012). Here, our
data mining approach confirmed the association among HAM/TSP, pro-
viral load and specific single mutations found with univariate analysis.
Moreover, it revealed unexpected conditional dependencies among
proviral load and mutations in ORF-1 associated with HAM/TSP. Despite
the high prevalence of P34L mutation and its association with proviral

load, this mutation alone could not determine disease. Only the data
mining approach revealed the coordinate dependency between proviral
load, P34L and P45L to be associated with HAM/TSP.

5. Conclusions

The results presented in this study suggest that some ORF-I natural
mutations may be associated to HAM/TSP development and to the pro-
viral load of HTLV-1-infected individuals. Is important to note that
HTLV-1 have four open reading frames (ORFs) in the pX region and all
regulatory proteins play a key role in viral pathogenesis. Therefore to in-
vestigate better the contribution of mutations found in HTLV-1 ORF-I to
the development of HAM/TSP, it is necessary to conduct functional stud-
ies aimed at evaluating the impact of these mutations on the virus per-
sistence and immune evasion.
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Abstract

The human T-cell lymphotropic virus type 1 (HTLV-1) infects 5 to 10 million individuals
and remains without specific treatment. This retrovirus is the etiologic agent of infective
dermatitis associated to HTLV-1 (IDH), HTLV-1-associated myelopathy/ tropical spastic
paraparesis (HAM/TSP), adult T-cell leukaemia/lymphoma (ATLL), among others. The
HTLV-1 genome is composed of the genes gag, pol, env and a region near the 3' end,
known as pX. This region contains four open reading frames (ORFs) that encode specific
regulatory proteins. The ORF-I produces the protein p12 and its cleavage product p8.
Here, we analyzed the genetic diversity of 63 ORF-I sequences from patients with ATLL,
HAM/TSP, IDH and asymptomatic individuals. Six natural amino acid changes with
frequency over 5% were identified: G29S, P34L, F61L, S63P, F78L and S91P. Among
these mutations, only P34L was found with a statistically significant difference in the
frequency within the IDH and HAM/TSP groups (p=0.047). Also, P34L mutation was the
only one able to alter protein profile. The identification of regions where the post-
translational sites were identified also showed a high identity among the sequences and
the amino acid changes exclusive of specific clinical profile were found in less than 5%
of the samples. The low overall genetic diversity found in ORF-I sequences from patients
with different clinical profiles (0.007) corroborates the fact that HTLV-1 genome exhibits
relatively few sequence variations and suggested that this region could be used in the

HTLV-1 therapeutic vaccine development.

Keywords: HTLV-1; ORF-I; HAM/TSP; ATLL; IDH
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1. Introduction

The human T-cell lymphotropic virus type 1 (HTLV-1) was the first described human
retrovirus [1]. It is estimated that 5-10 million people are infected with HTLV-1 in the
world and although this infection is endemic in different geographic regions it still
remains without effective therapeutic methods [2].

The HTLV-1 genome is composed of genes gag, pol, env, and a region near to the 3' end,
known as pX. The pX region contains four open reading frames (ORFs) that encode
specific regulatory proteins [3,4]. The ORF-I encodes the p12 protein that resides in the
endoplasmic reticulum (ER). This protein is susceptible to two protein cleavages. The
first cleavage occurs between amino acids 9 and 10 and results in the loss of the non-
canonical endoplasmic reticulum retention signal. The second cleavage occurs between
amino acids 29 and 30 and is responsible for p8 protein release, that moves to the infected
cell surface [5]. The ORF-II encodes the proteins p30 and p13, while ORF-III and ORF-
IV produce the proteins Rex and Tax, respectively [6,7].

It is known that most patients infected with HTLV-1 do not develop clinical
manifestations, however this retrovirus is the etiologic agent of inflammatory diseases as
infective dermatitis associated to HTLV-1 (IDH) and HTLV-1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP), among others. HTLV-1 is also responsible for
the development of an aggressive clonal disease known as adult T-cell
leukaemia/lymphoma (ATLL), [8-10].

The major challenge in HTLV-1 infection is to understand why some individuals develop
pathological processes while others remain asymptomatic and what is the best way to
prevent viral persistence and infectivity. Additionally, HTLV-1-infected subjects remain
under clinical latency for years to decades, which interfere with diagnostic and treatment

during early infection.
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A recent research demonstrated that the persistence of HTLV-1 infection is influenced to
the expression of p12 and p8 proteins, encoded from the ORF-I of the pX gene region.
This study suggest that some natural ORF-I mutations alter the expression of the p12 and
p8 proteins and that equivalent amounts of both are necessary to prevent recognition and
lysis of HTLV-1 cells infected by Cytotoxic T Cells (CTLs) [11]. Furthermore, Barreto et
al., using bioinformatics analysis suggested that some of these natural ORF-I mutations
might influence the proviral load and clinical manifestation of HAM/TSP [12].

The p12 and p8 proteins have been found to interfere in several intracellular mechanisms.
Banerjee et al. demonstrated that by inhibiting histocompatibility complex class I (MHC-
I) expression, p12 decreases the presentation of viral peptides to CTLs. At the same time,
p12 also decrease the expression of ICAM-1 and ICAM-2 in T cells, thereby inhibiting
adhesion and recognition of HTLV-1-infected T cells by NK cells [13].

The literature also shows that p12 protein increase the intracellular calcium concentration
by inducing calcium release from the ER through inositol trisphosphate receptors and
increasing the Ca”" influx through the plasma membrane [14]. The increased intracellular
Ca®" concentration impacts on several cellular mechanisms, which in turn work on behalf
of HTLV-1 infection, as the regulation of viral transcription through the modulation of
the cofactor p300 or viral propagation through the activation of the nuclear factor of
activated T-cells (NFAT) [15—17]. In the lipid rafts at the plasma membrane, p8 protein
mediates viral spread by inducing the clustering of lymphocyte function-associated
antigen 1(LFA-1) molecules and the formation of cellular conduits that cooperate to viral
transmission [17,18]. In addition, p8 is able to inhibit TCR signalling causing T cell
anergy [19].

Considering the critical role of p12 and p8 proteins on the course of infection, this study

aims to evaluate whether HTLV-1 ORF-1 region could be used as a target for the
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development of a therapeutic vaccine analyzing the genetic diversity of ORF-1 among

patients with ATLL, HAM/TSP, IDH, and asymptomatic individuals.
2. Materials and methods

To evaluate the genetic characteristics of HTLV-1 ORF-I sequences, blood samples of 63
patients with defined clinical profiles were collected: 16 samples from patients with
HAM/TSP, 13 samples from ATLL patients, 23 samples from asymptomatic patients and
11 samples from patients with IDH. The clinical classification was carried out by medical
experts according to World Health Organization (WHO). All samples were anonymized
and informed consent was written and obtained from each subject at the Center of HTLV-
1 Bahia School of Medicine and Public Health and the Hospital Complex Prof. Edgar
Santos, both located in Salvador City, Bahia State, and at the Fundagao Hemocentro de
Ribeirdo Preto (Fundherp) located in Ribeirdo Preto City, Sdo Paulo State. The study was
approved by the Ethics Committee of the Gongalo Moniz Institute (IGM), Fiocruz.

2.1 ORF-I PCR and sequencing

The peripheral blood mononuclear cells (PBMCs) were obtained from EDTA blood by
density gradient centrifugation. DNA was extracted using spin column DNA extraction
system (QIAamp DNA Mini Kit - Qiagen) and the samples were used for amplification
of ORF-I through Polymerase Chain Reaction (PCR). The PCR conditions were as
follows: denaturation at 94°C for 3 minutes, annealing at 94°C (15 sec), 65°C (45 sec),
72°C (1 minute), 35 times of cycle, and a final extension of 72°C for 8 minutes, with the
primers 24"
(5'CGTATCGCCTCCCTCGCGCCATCAGAGTATGCTGCCCAGAACAG3') and 27
(5'CTATGCGCCTTGCCAGCCCGCTCAGGGTTCCATGTATCCATTTCGGAZ'). The
400 base pairs products were analysed on 1% agarose gel. The PCR products were

submitted to a different sequencing methods: Sanger and Ion Torrent. For Sanger
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sequencing, 32 amplicons were purified using PureLink PCR Purification Kit (Thermo
Fisher Scientific) and sequenced in an ABI Prism 3100 DNA Sequencer (Applied
Biosystems Inc., Foster City, CA) using Taq FS Dye (Applied Biosystems) terminator
cycle sequencing with the same PCR primers. The other 31 samples were sequenced
using the Ton Torrent technology (Life Technologies, Carlsbad, CA). For Ion Torrent
sequencing, the amplicons of each patient were fragmented using the Bioruptor standard
(Diagenode). The libraries were built by the automated AB Library Builder System
(Applied Biosystems). To normalize the number of molecules required for the emulsion
PCR, a quantitation step was performed using the automated Ion OneTouch 2 platform.
Ion Xpress Adapters and unique Ion Xpress Barcodes (Life Technologies) were linked to
fragmented material by using the Ion Plus Fragment Library kit, followed by the
Emulsion PCR (ePCR) and enrichment steps that were performed using lon PGM OT2
200 Template Kit (Thermo Fisher Scientific) according to the manufacturer's protocol
(Ion 2 platform OT2 OneTouch System - Life Technologies). Finally, the mix was loaded
on a 318v2 chip and the sequencing reaction was performed on the PGM device.

2.2 Dataset construction and analysis

The fastaq files from the 31 sequences generated by Ion Torrent technology was trimmed,
manual edited and aligned to the HTLV-1 reference sequence ATK-1 (J02029) to
generate the consensus sequence of each patient. The 31 consensus sequences were
aligned to the 32 sequences generated by Sanger sequencing in order to determine the
mutations profile. The final dataset was composed for 63 HTLV-1 ORF-I complete
sequences and submitted to a search for the major and minor natural amino acid changes.
All these analysis were done using Geneious R6 software [20]. The statistical analyses
were performed using Fisher's exact test and P values lower than 0.05 were considered

statistically significant.
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To identify the presence or absence of the major mutations in viral quasispecies, the reads
of Ion Torrent sequencing were analyzed. First, the adaptor contamination was removed
from the reads and a consensus reference sequence was generated. The sequencing reads
were trimmed from both sides and mapped to this consensus reference sequence using the
lowest sensitivity (maximum mismatches per read: 10%). These analyses were done
using the Geneious Software [20].

2.3 Assessment of molecular characteristics

To perform the molecular analysis of the identified mutations, physico-chemical analysis
was carried out using Network Protein Sequence Analysis (NPS@) (http://npsa-
pbil.ibcp.fi/) and the potential protein domain analysis was executed using the Prosite
tool [21,22]. The genetic distances within and between the sequences from patients with
different clinical profiles were measured using the Mega 6.0 program [23].

3. Results

We analyzed 63 ORF-I sequences from HTLV-1 patients with the following clinical
profiles: 16 samples from patients with HAM/TSP, 13 samples from ATLL patients, 23
samples from asymptomatic patients and 11 samples from patients with IDH. The
mutations found in the dataset were described as minor (if the mutation prevalence was
lower than 5%) or major (if the mutation prevalence was higher or equal to 5%).

3.1 Evaluation of the major frequent ORF-I natural mutations

Six natural amino acid changes with frequency over 5% were identified within the
dataset: G29S, P34L, F61L, S63P, F78L and S91P. Among them, five were located in
specific motifs and were previously described as mutations that influence the expression
profile of HTLV-1 ORF-I protein products: G29S, P34L, F61L, S63P and S91P [11].
Among the six mutations identified, only P34L was found with a statistically significant

difference in the frequency within the IDH and HAM/TSP groups (p = 0.047) (Table 1).
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The search of these six major amino acid changes in viral quasispecies revealed that S63P
and S91P mutations appear in high frequency among the reads of each patient, while the
other mutations were found both in high and low frequency.

The wild type and mutated sequences were submitted to physico-chemical analysis and
only the P34L mutation was able to alter protein profile. The NPS@ analysis suggested
that the ORF-I product with a leucine in 34 position was less hydrophilic, flexible and
antigenic than the wild type. The accessibility was also decreased while the hydropathy
and membrane buried-helix profile were slightly increased (Figure 1).

To identify if these amino acid mutations were able to create or abrogate potential protein
domains we submitted the 63 ORF-I sequences to the scan prosite tool and no changes
were observed. All sequences have a casein kinase II phosphorylation site at the 23-26
position and a protein kinase C phosphorylation site at the 75-77 position, which were not
altered by the mutations (data not shown).

3.2 ORF-I genetic diversity from patients with HAM/TSP, ATLL, HID and
asymptomatic

The analysis of ORF-I sequences revealed 13 mutations found in less than 5% of the
samples. Despite being in low frequency all these mutations have an important
characteristic: they are observed only in specific clinical profiles. Six amino acid changes
were detected in samples from asymptomatic patients (L5I, S7G, P73S, R82*, A96V and
F99L), five mutations were exclusive of HAM/TSP sequences (G25S, C39Y, F54L, P86S
and A89T), while L55F and F84L mutation was identified only in IDH and ATLL
samples, respectively.

The overall diversity between sequences from patients with HAM/TSP, ATLL, IDH and
asymptomatic was 0.007 and the genetic distance values within and between the different

clinical profiles were described in Table 2.
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4. Discussion

The HTLV-1 was discovered more than 35 years ago, infects 5 to 10 million individuals
worldwide and remains without specific treatment [1,2]. In most cases the severity of the
HTLV-associated diseases is influenced by the high proviral load, through clonal
expansion of infected cells rather than to the use of the viral reverse transcriptase [24].
Given the genetic stability of HTLV-1 it was originally believed that developing an anti-
HTLV-1 prophylactic vaccine would be an easy task [25]. However studies demonstrated
that the induction of HTLV-1 protective immune response is not so simple [25-28]. Here
we suggest that a therapeutic vaccine may be a better alternative and the HTLV-1 ORF-I
is a good target for the development of this vaccine.

Previous studies shows that the expression of p12 and p8 proteins can influence the
efficient viral persistence and the outcome of HTLV-1 infection [11,12]. These data
suggest that the inhibition of p12 cleavages enhances the cytotoxic cells ability to
recognize cells infected, thereby decreasing the proviral load and the HTLV-1
persistence. Therefore, whether p12 cleavages can be inhibited perhaps HTLV-1
infection may be controlled.

The analysis of ORF-I sequences from patients with ATLL, HAM/TSP, IDH and
asymptomatic individuals demonstrated the low diversity of this region and reinforce that
this region may be a good target for HTLV-1 treatment. The frequency evaluation of
ORF-I mutations from patients with different clinical profiles reveals that only one
mutation was found with a statistically significant between IDH and HAM/TSP groups
(P34L). The identification of regions where the post-translational sites were identified
also showed a high identity among the sequences and the amino acid changes exclusive

of specific clinical profile were found in less than 5% of the samples.
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The low overall genetic diversity found in ORF-I sequences from patients with different
clinical profiles corroborates the fact that the HTLV-1 genome exhibits relatively few
sequence variations and that the development of a therapeutic vaccine is possible.

5. Conclusions

The present study demonstrated the low diversity of HTLV-1 ORF-I sequences from
patients with ATLL, HAM/TSP, IDH and asymptomatic individuals. These data
suggested that this region is a possible target for a therapeutic vaccine that could be used
in patients with different clinical profiles. More analyses involving sequences from
patient with other HTLV-1 pathologies can provide more information about the ORF-I
genetic diversity and these data can be used to design an HTLV-1 vaccine.
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326  Figure 1 - Physico-chemical analysis of P34L mutation versus wild type.
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Table 1 — Frequency of major ORF-I natural mutations and their respective motif.

Mutation IDH HAM/TSP ATLL Asymptomatic Motif
(n=11) (n=15) (n=13) (n=23)

G29S - 2 1 2 Transmembrane domain
P34L"" 2 10 4 8 SH3 binding domain
F61L - 2 1 1 Transmembrane domain
S63P 9 14 12 19 Transmembrane domain
F78L - - 1 2 -

S91P 10 14 12 19 SH3 binding domain

(%) Mutation able to change the chemical physical profile; (*) p = 0.047 between IDH and HAM/TSP

profiles. SH3 = Src homology 3.

Table 2 - Genetic distances in HTLV-1 ORF-I sequences from patients with different

clinical profiles.

IDH HAM/TSP ATLL Asymptomatic
IDH 0.006 0.007 0.006 0.007
HAM/TSP 0.007 0.007 0.007 0.008
ATLL 0.006 0.007 0.006 0.007
Asymptomatic 0.007 0.008 0.007 0.008

-16 -
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5 DISCUSSAO

O HTLV-1 infecta aproximadamente 5-10 milhdes de pessoas no mundo e ¢ o
agente etiologico de diversas patologias, como a leucemia/linfoma de células T do adulto
(ATLL), a paraparesia espastica tropical/mielopatia associada ao HTLV (HAM/TSP), a
dermatite infectiva associada ao HTLV-1 (DIH), entre outras (YOSHIDA et al., 1982;
GESSAIN, A. et al, 1985; GONCALVES et al., 2003; GESSAIN, ANTOINE e
CASSAR, 2012).

Os individuos infectados pelo HTLV-1 podem permanecer assintomdticos ou
desenvolver manifestacdes clinicas e a gravidade das doencas pode estar relacionada,
dentre outros fatores, a alta carga proviral (MATSUZAKI et al., 2001; YAMANO et al.,
2006). Dado ao fato do genoma desse retrovirus ser considerado estdvel, linhas de
pesquisa acreditavam que o desenvolvimento de uma vacina profilatica contra a infec¢ao
seria facil, mas estudos demonstraram que a indu¢do de uma resposta imune protetora
contra a infeccio pelo HTLV-1 ndo ¢ tio simples (DE THE e BOMFORD, 1993;
BOMFORD, KAZANII e DE THE, 1996; RODRIGUEZ et al., 2011; MAHIEUX, 2015).
Nesta tese, avaliamos se a ORF-I da regido pX do HTLV-1 poderia ser utilizada como
alvo para o desenvolvimento de uma vacina terapéutica. Os dados obtidos demonstram a
baixa diversidade genética dessa regido, corroborando com a hipotese desta tese de que a
alteracdo da clivagem da p12 poderia ser utilizada para o controle da carga proviral.

Em 2014, Pise-Masison e colaboradores identificaram mutagdes naturais na ORF-
I capazes de alterar a o padrao de clivagem dessa regido, aumentando a concentragdo de
pl12 ou de p8. A partir desse estudo foi demonstrada que a co-expressao de pl2 e p8 ¢
importante para a persisténcia e infectividade viral (PISE-MASISON et al., 2014). Esses
dados sugerem que a inibi¢do da clivagem da p12 aumenta a capacidade de células T
citotoxicas reconheceram células infectadas e diminuem a capacidade de infecgcdo de
células-alvo. Dessa forma, essa estratégia poderia ser utilizada para induzir a diminui¢ao
da carga proviral e o controle da infec¢ao pelo HTLV-1.

Para avaliar se a estratégia de desenvolver uma vacina terapéutica baseada na
inibicdo da clivagem da pl2 poderia ser utilizada em diversas manifestagdes clinicas
associadas a infec¢do pelo HTLV-1, sequéncias da ORF-I provenientes de pacientes com

HAM/TSP, ATLL, DIH e individuos assintomdticos foram analisadas na presente tese.
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Caracterizac¢des anteriores da ORF-I do HTLV-1 identificaram a existéncia de
diversos dominios funcionais, incluindo um sinal de reten¢ao no reticulo endoplasmatico,
dois dominios transmembrana e dois leucine zipper (LZ), um sitio de ligacdo para a
calcineurina e quatro regides SH3 (proline-rich Src homology) (DING et al., 2002;
FUKUMOTO et al., 2009). Algumas mutag¢des identificadas e analisadas nesta tese estdo
localizadas em dominios funcionais.

As mutacdes D26N e F61L estdo localizadas no primeiro e segundo dominio
transmembrana, respectivamente, ¢ foram observadas em maior frequéncia em pacientes
com baixa carga proviral. Os dominios transmembrana sdo importantes para manter as
proteinas na sua conformagao e localizagao corretas e quando alterados podem influenciar
a fung¢do proteica e, consequentemente, o curso da infeccao.

A mutagdo R83C, também identificada em maior frequéncia em pacientes com
baixa carga proviral, encontra-se no sitio de liga¢do para a calcineurina. A calcineurina
participa de uma via importante na ativagao de células T, que implica na desfosforilacdo
do fator nuclear de ativagdo de células T (NFAT). Esse fator ¢ essencial para a ativagdo
da expressao de interleucina-2 (IL-2), a qual exerce papel importante na proliferacdo de
células T. Contrariamente, a p12 ¢ capaz de diminuir a ativacao dessas células ao se ligar
a calcineurina e competir com o NFAT, impactando na resposta imune e replicagdo viral
(ALBRECHT e LAIRMORE, 2002; KIM et al., 2003). Essa muta¢do pode, portanto,
alterar a interacdo entre a p12 e a calcineurina, influenciando no desfecho da infecgao.

Sitios de modificagdo pds-traducionais também podem impactar na conformagao
das proteinas e, consequentemente, na funcao das mesmas. A identificagdo de sitios de
modificacdo pds-traducionais mostrou a elevada identidade entre as sequéncias
provenientes de pacientes com ATLL, HAM/TSP, DIH e assintomdticos. Todas as
sequéncias apresentaram os mesmo dois unicos sitios: sitio de fosforilagdo para a kinase
IT na posigdo 23-26 e sitio de fosforilagdo para a kinase C, na posi¢do 75-77.

Apesar de mutagdes naturais na ORF-I serem observadas em todos os perfis
clinicos avaliados, muta¢des ndo-sinonimas exclusivas de determinado perfil clinico
foram encontradas em menos de 5% das sequéncias analisadas, demonstrando o alto grau
de conservacdo dessa regido génica. A diversidade genética global da ORF-I também
corrobora com o fato do genoma do HTLV-1 ser considerado estavel e reforga a hipodtese
de que essa regido pode ser um bom alvo para o desenvolvimento de uma terapia contra

essa infecgao.
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Todas essas andlises somente foram possiveis apds identificar a posicao
nucleotidica da ORF-I no genoma viral. Durante essa etapa foi possivel verificar que o
principal genoma completo do HTLV-1 (ATKI1) ndo estava completamente anotado no
GenBank. A determinacdo exata da localizagdo dos genes de um prototipo amplamente
utilizado em anélises que envolvem estudos de variabilidade e de produ¢do de proteinas
virais colabora de forma positiva para investigacdes futuras que busquem responder
questdes que ainda permanecem sem resposta na infeccao pelo HTLV-1. Dentro desse
contexto, a anota¢do completa do genoma do HTLV-1 realizada nesta tese pode servir de

base para novos estudos.
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6 CONCLUSAO

Com a caracterizacdo molecular da ORF-I proveniente de pacientes com
diferentes perfis clinicos foi possivel evidenciar a baixa diversidade genética da ORF-I
do HTLV-1, além de demonstrar que o desenvolvimento de HAM/TSP pode estar
relacionado a condi¢do de dependéncia entre mutagdes nessa regido génica e a alta carga
proviral. Esses dados sugerem que a ORF-I do HTLV-1 poderia ser utilizada como alvo

no desenvolvimento de uma vacina terapéutica.
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Inferences about the global scenario of human T-cell lymphotropic
virus type 1 infection using data mining of viral sequences
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Human T-cell lymphotropic virus type 1 (HTLV-1) is mainly associated with two diseases: tropical spastic para-
paresis/HTLV-1-associated myelopathy (TSP/HAM) and adult T-cell leukaemia/lymphoma. This retrovirus infects
five-10 million individuals throughout the world. Previously, we developed a database that annotates sequence data
from GenBank and the present study aimed to describe the clinical, molecular and epidemiological scenarios of
HTLV-1 infection through the stored sequences in this database. A total of 2,545 registered complete and partial
sequences of HTLV-1 were collected and 1,967 (77.3%) of those seq -es rep 1 unique isolates. Among these
isolates, 93% contained geographic origin information and only 39% were related to any clinical status. A total of
1,091 sequences contained information about the geographic origin and viral subtype and 93% of these sequences
were identified as subtype “a”. Ethnicity data are very scarce. Regarding clinical status data, 29% of the sequences
were generated from TSP/HAM and 67.8% from healthy carrier individuals. Although the data mining enabled some
inferences about specific aspects of HTLV-1 infection to be made, due to the relative scarcity of data of available
sequences, it was not possible to delineate a global scenario of HTLV-1 infection.

Key words: HTLV-1 - data mining - HTLV-1 database

Human T-cell lymphotropic virus type 1 (HTLV-1) was
the first described human retrovirus (Poiesz et al. 1980).
This retrovirus is the causative agent of tropical spastic
paraparesis/HTLV-1-associated myelopathy (TSP/HAM)
(Gessain et al. 1985), adult T-cell leukaemia/lymphoma
(ATL) (Yoshida et al. 1982) and other inflammatory dis-
eases such as HTLV-1-associated infectious dermatitis
(La Grenade et al. 1998) and HTLV-1-associated uveitis
(Mochizuki et al. 1992). However, the pathogenesis of
some clinical manifestations is not yet fully understood.

Epidemiological data show that HTLV-1 has a world-
wide distribution and it is estimated that five-10 mil-
lion people are infected (Gessain & Cassar 2012). This
infection is endemic in southwestern Japan (Mueller et
al. 1996), sub-Saharan Africa (Gessain & de Thé 1996),
regions of the Caribbean (Hanchard et al. 1990) and mi-
nor areas in Iran, Melanesia (Mueller 1991) and Brazil
(Galvao-Castro et al. 1997).

Regardless, HTLV-1 epidemiology still presents many
challenges. Virus prevalence rates have been correlated
with geographic characteristics and the social setting of
destitute populations. However, these populations are
not frequently the target of great public and government
interest (Galvao-Castro et al. 1997). Molecular studies,
especially during the late decade, have contributed to
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the acquisition of knowledge about virus epidemiology
and the molecular characteristics. Furthermore, a great
amount of viral sequences are generated from these mo-
lecular studies because of this appropriate data manage-
ment and data mining can provide additional consistent
information about HTLV-1 infection.

In response to the need of obtaining more informa-
tion about the already generated and available HTLV-1
sequences, HTLV-1 Molecular Epidemiology Database
(htlvldb.fiocruz.bahia.br) was developed (Araujo et al.
2012). This database contains information that can sup-
port our understanding of viral pathogenesis, the route
of transmission, polymorphisms, epidemiology, geno-
type-phenotype relationships, geographic distribution
and viral evolution. Therefore, the purpose of the pres-
ent study was to assess the different types of information
deposited in HTLV-1 Molecular Epidemiology Database
to describe clinical, molecular and epidemiological sce-
narios about HTLV-1 infection.

MATERIALS AND METHODS

This is a descriptive study about the clinical, mo-
lecular and epidemiological data of HTLV-1 infection
that are associated with the stored genetic sequences in
HTLV-1 Molecular Epidemiology Database.

All the descriptive analyses were performed using
the search algorithm implemented at the HTLV-1 data-
base (Araujo et al. 2012). Initially, we made a list with
the variables (age, gender, clinical status, subtype, sub-
group, geographic origin) that were more frequent in
the database. We then performed combinations with the
listed variables; for example, we searched for sequences
with information about geographic origin, viral subtype
and clinical status. These combinations constitute the
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Molecular characterization of new HTLV-1 complete genomes from patients
with different clinical forms
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Abstract

The HTLV-1 is the first human retrovirus and is associated with several clinical syndromes,
however, the pathogenesis of these clinical manifestations is still not fully understood.
Furthermore, there are few complete genomes publicly available, about 0.12 complete
genomes per 10,000 infected individuals and the databases have a major deficiency of
sequences information. This study generate and characterized 31 HTLV-1 complete genomes
sequences derived from individuals with TSP/HAM, ATL, HID and asymptomatic patients,
whose sequences have the information clinical and epidemiological about the patients. The
sequencing data were assembled and mapped against the reference HTLV-1 genome. These
sequences were genotyped as Cosmopolitan subtype, Transcontinental subgroup. We
identified the variants in the coding regions of the genome of the different clinical profiles,
however, no statistical relation was detected.In a second phase of the study, we searched the
mutations found in the sequences generated in sequences previously published in Genbank,
corroborating previous data, there was no statistical significance. This study contributed to
increase of HTLV-1 complete genomes in world. Furthermore, to investigate better the
contribution of HTLV-1 mutations for the disease outcome it is necessary evaluate the

interaction of the viral genome and characteristics of the human host.

Keywords: HTLV-1; complete genome; next generation sequencing.
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Marcia Weber Carneiro®; Maria Fernanda de Castro-Amarante®; Fernanda Khouri

Barreto®; Vagner de Souza Fonseca®; Paloma Viana®; Luiz Carlos Junior Alcantara®

Abstract

Most patients infected with the human T-cell lymphotropic virus type 1 efficiently
control the infection and remains clinically asymptomatic while about 1-5% may
develop an aggressive malignancy of CD4" T lymphocytes, known as adult T-cell
leukemia/lymphoma (ATLL), or a tropical spastic paraparesis/HTLV-associated
myelopathy (HAM/TSP). The molecular mechanisms used by the virus to establish
persistent infection and subsequently promote lymphocyte proliferation while evading
elimination by the host immune response remain poorly defined. To better understand
the potential biological process involved in the HAM/TSP development we performed
bioinformatics analysis using gene expression data from the Gene Expression
Omnibus (GEO) database. Herein, we compared 5 GEO datasets from patients with
HAM/TSP, asymptomatic HTLV-1 carrier (AHC) and healthy controls (HC) in CD4"
T cells or whole blood. We found 13 genes in common in the platforms differently
expressed in the different groups. These genes were associated with upstream
regulators genes, infectious diseases, inflammatory response, cancer, hereditary
disorder, neurological disease, and important molecular and cellular functions. This
study help understanding the underlying molecular pathways related to pathogenesis
of this infection in association with those common target genes, that may serve as
potential biomarkers.

Keywords: HTLV-1; Gene expression; HAM/TSP; GEO.
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